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Ziatech’s NEC V50-based single board computer, the 
ZT 8816, packages the features of several STD boards into a 
unique, dual-sided surface-mount design. The ZT 8816 
tackles demanding industrial applications with a 16-bit 
data bus, an 832K on-board memory capacity, a real-time 
battery-backed clock, AC/DC power-fail protection, DMA 
controller, an interrupt controller, two serial channels, and 
three counter-timers. 


For the rest of the story... 


Free Technical Brochure 
Call today for the ZT 8816 Technical Data Sheet and the 24- 
page STD DOS Technical Brochure. With more information 
on what the ZT 8816 can do for your industrial application, 
you may start seeing the Ziatech side of the story. 


(805) 541-0488 


The ZT 8816 is more than just the most advanced STD Bus 
computer hardware on the market today. It is designed to 
operate PC DOS or ROM-based user programs such as the 
VRTX multitasking kernel. Development tools are available 
to provide a large range of target system software architec- 
tures. STD DOS V50 on the ZT 8816 delivers IBM AT per- 
formance and compatibility with optional networking, 
EGA video, disk and bubble memory subsystems, multi- 
processing, and a device driver library. Ziatech’s exclusive 
Virtual System Console supports easy development 
through a host PC by transparent resource sharing. 


=| ZIATECH 


3433 Roberto Court 

San Luis Obispo, California 93401 USA 
ITT Telex 4992316 

FAX (805) 541-5088 

Telephone (805) 541-0488 
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If you can use these simple tools, 


you can create any waveform. 


The Model 75 Arbitrary 
Waveform/ Function 
Generator lets you create 
and edit waveforms which 
it reproduces with digital 
precision. It’s easy to do, 
because you use a thumb- 
tack and rubberband editing 
system to stretch and shape 
the waveform on the x-y 
axis while you watch the 
results on your ocilloscope. 

No other arbitrary 
generator lets you design waveforms 
from the front panel this way. 

You can also download and 
modify computer-generated 
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waveforms. Or use one of the nine 
built-in functions. The Model 75 
memory provides a grid of 8,000 
horizontal and 4,000 vertical 
points for reproducing signals with 
amazing purity. 
You can see that Model 75 
is the wave of the future. 
And it has a price that 
makes it affordable now! 
For literature or a 
hands-on demonstration 
of Model 75, call 
(619) 279-2200. 
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A field-use fiber optic 
connector so tough, you could 

roll a 5 ton truck over it. A Parallel 
Interconnect that allows a gas-tight 
interface in 60 seconds flat. A cabling 
assembly enabling a single connector 
to handle electronic signals, fiber 
optics and power supply. 


These are but a few 
innovations in interconnections 
from ITT Cannon. But we couldnt 
have done it without you. Because 
success throughout our company 
relies on a thorough knowledge 
of your company’s environment. 


‘Take strategic partner- 
ing, for example. We dont create 
a custom solution by shaking your 
hand and jotting down a few notes. 
When we design-in, we get inside 
your environment. 


Then theres Cannon's 
near-zero defect rate. It got that 
way, and stays that way, because we 
test each product in a carefully 
simulated environment. 


As for delivery, we built 
a dependable system by studying 


the needs and scheduling realities 
of our customers business environ- 
ments worldwide. 


And Cannon stays price 
competitive by always asking the 
question, “How will this connector 
be used?” Considering the connec- 
tor’s ultimate environment has taught 
us that keeping quality high ends 
up costing our customer less. 


So if you'd like a part- 
ner who will take the time to learn 
about your environment, take a 


moment to contact ITT Cannon 
at (714) 964-7400. 


Worldwide Headquarters 
10550 Talbert Ave. 
Fountain Valley, CA 92708 
Or call (714) 964-7400 


ITT CANNON 


We're making progress. 
Not excuses. 
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SPECIAL REPORT 


Speech-recognition products 112 


Long the dream of the data-entry operator, true speech recogni- 
tion is on its way to becoming a reality. Commercially available 
products operate with a high degree of accuracy in many acousti- 
cally noisy environments.—John A Gallant, Associate Editor 


DESIGN FEATURES 


Designer’s guide to 131 
op-amp feedback circuits—Part | 


Many engineers will benefit from a discussion of feedback effects 
: saa and the construction of feedback plots for operational amplifiers. 
On the cover: Many kinds of data-entry Part 1 of this series limits its discussion to single-stage ampli- 


applications can take advantage of com- _ fiers.—Jerald G Graeme, Burr-Brown Corp 
mercially available speech-recognition 


products. See pg 112. (Photo courtesy 
Voice Processing Systems) 


FFT analyzers make 149 
spectrum analysis a snap 


Although swept-spectrum analyzers and FFT analyzers arrive 
at essentially the same result, their methods differ. The FFT ana- 
lyzer and its method offer some distinct advantages.—George 
Dovel, Hewlett-Packard Co 


Troubleshooting analog circuits—Part 2 157 


As discussed in Part 1 of this multipart series, the most impor- 
tant thing you need for effective troubleshooting is your wits. 
Part 2 discusses the equipment necessary for most general 
troubleshooting tasks.—Robert A Pease, National Semi- 
conductor Corp 


Drive scheme holds key 171 
to dc motor performance 


To optimize the performance of a brushless de servomotor sys- 
tem, you must select the proper motor drive scheme. Two popular 
drive options illustrate how output torque, current ripple, and 
PWM techniques can affect performance.—Malcolm B McCormick, 


Inland Motor 
Continued on page 7 
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software control for ie from a single fil 
an entire hard disk. And read-after-write data ve 
tion with sophisticated error correction for the high: 
est data integrity. 

A surprising extra: full media compatibility. So 
that a backup cassette made on one data streamer 
can be read on dny other. This makes data cassettes 
an ideal means of exchanging or distributing large 
volumes of data. 

Less surprising is the fact that the oo Japanese” 
computer manufacturers who haven't already 
adopted the MT-2ST/N50 are actively considering it. 
—for its clear advantages in compact size, huge ees . 
capacity, and data interchangeability. 
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TEAC “oa 
. 3-7-3 NAKA-CHO, 
MUSASHINO, TOKYO, JAPAN 
TEL: (0422) 52-5041 © 


TLX: 2822451 
FAX: (0422) 55-2554 


RP 


Hong Kong, Nissei Sangyo Co., Ltd. Hong Kong Branch Tel:3-343441-6; 
KARIN ELECTRONIC SUPPLIES CO., LTD. Tel: 3-898252 lf Singapore, Nissei 
Sangyo Pte. Ltd. Tel: 65-7372011 M New Zealand, Northrop Instruments & 
Systems Ltd. Tel: 856-658 M@ Australia, AWA TECHNOLOGY GROUP Tel: 02 888 
9000 M Indonesia, CHUGAI BOYEKI CO., LTD. Tel: 370824 Mi Philippines, 
COMPEX INTERNATIONAL INC. Tel: 213020 india, Priya Electronics & 
Chemicals Limited Tel: 2863611 @ Kuwait, Bader Al Mulla & Brothers Co. W.L.L. 
Tel: 2423250 # United Kingdom, TEKDATA LIMITED Tel: 0782 577677 MF.R. 
Germany, nbn Elektronik GmbH Tel: 08152/390 M Austria, nbn Elektronik 
GmbH Tel: 0316/40 28 05 M Netherlands, SIMAC ELEKTRONICS B.V. Tel: 
040-582911 M@ Belgium & Luxemburg, SIMAC ELECTRONICS SPRL Tel: 02- 
252.36.90 HM France, TEKELEC AIRTRONIC S.A. Tel: (1)4534-75-35 Mi Italy, 
A.E.S.S.E. S.p.A. Tel: 02-54.64.741-2-3 H Spain, ATAIO Instrumentos S.A. Tel: 
733 05 62 HM Switzerland, WENGER PERIPHERALS AG Tel: 01/830 75 55 
@ Denmark, Dansk Binzer Teknik A/S Tel: 03-662020 HM Sweden, MACROTEK 
AB Tel: 08-733 02 20 MNorway, SCANTELE AS Tel: (2) 65 69 20 @ Finland, 
INSTRUMENTARIUM ELEKTRONIIKKA Tel: 0-5284350 


* If no distributor listed above is in your area, please contact us directly for 
further details about our products. 
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Low offset-voltage drift is probably the 
most attractive characteristic of chop- 
per-stabilized op amps (pg 91). 


EDN mag azine 


now one rs 


Express Request, 
a convenient way 
to retrieve product 
information by 
phone. See the 
Reader Service 
Card in the front 
for details on how 
to use this free 


Service. 


Expressi\tt 
Request 


EDN January 19, 1989 


ll 


Magazine 
EDN 
January 19, 1989 


TECHNOLOGY UPDATE 


CASE demands much 67 
but gives high returns 


Users find that CASE tools may not shorten your development 
time—but for large projects, they reduce both the number of errors 
and the burden of documentation.—Chris Terry, Associate Editor 


Chopper-stabilized op amps: Improvements 91 
make precision amps easier 


Chopper-stabilized op amps that solve the problems of excessive 
clock noise, long overload recovery times, and external holding 
capacitors have begun appearing over the past 18 months. These 
new op amps make it easier to build high-precision circuits that 
use chopper-stabilized devices.—Richard A Quinnell, 

Regional Editor 


PRODUCT UPDATE 


Pocket-size in-circuit emulator 101 
In-circuit ASIC verification tool 102 
High-power rectifiers 104 


DESIGN IDEAS 


Circuit simulates 4- to 20-mA loop 203 
Switcher boosts regulator’s efficiency 204 
Filter settles faster than a Butterworth 206 
Reactive CCD drive saves power 206 
CMOS buffer has low quiescent current 212 


Continued on page 9 
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THE WESTCOR STAKPAK™, NEW 
GENERATION 250 TO 1200 WATT 
SINGLE OR MULTIPLE OUTPUT OFF- 
LINE SWITCHER. 3.2 X 5.5 X 11.4 INCH 
CASE. FAN-COOLED. 


Stack the odds in your favor by design- 
ing-in Westcor’s 6 watt/cubic inch high 
power megahertz switcher. Capitalizing on 
patented and proven megahertz module 
technology and innovative thermal man- 
agement techniques, the StakPak provides 
up to 1200 watts of power at 50°C with 1 to 
8 isolated and fully regulated outputs. 

For existing designs the StakPak’s small 
size and low profile allow system enhance- 
ment without mechanical redesign. Simply 
replace your open frame switcher with up 
to 1200 watts of StakPak power or replace 
your “box switcher” with 2 StakPaks and 
realize up to twice the power without 
losing additional space. StakPak power 
factor correction provides 850 watts of 
output power from a standard 115 VAC 
wall outlet. In new designs, more space can 
be devoted to functionality or the system 
can be downsized. 


WESTCOR CORPORATION ¢ 485-100 Alberto Way © Los Gatos, CA 95032 © (408) 395-7050 # FAX (408) 395-1518 


REDEFINED 


The StakPak’s 8 module output section 
can be factory configured in virtually an 
infinite number of voltage, current and 
power combinations. Special models 
providing between 250 to 1200 watts and 
outputs from 2 to 95 VDC are available. 

Other features include outstanding elec- 
trical performance; UL, CSA, VDE safety 
agency approval (in process); variable 
speed fan option for low ambient noise 
enviroments and 3 phase or DC input op- 
tions. Indeed, with unprecedented power 
density, versatility and new features, the 
StakPak redefines power packaging. Please 
contact Westcor for a data sheet, pricing 
and additional information. 


™ 


CORPORATION 


Westcor is a subsidiary of 
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STANDARD 1200 WATT STAKPAK MODELS 


(110/220 VAC input) 


Output Voltage (VDC) and Maximum Current 
(amperes) per Channel 


Model 


Single Output 
SP1-1801 
SP1-1802 
SP1-1803 
SP1-1804 
SP1-1805 
SP1-1806 
SP1-1807 


Dual Output 
SP2-1801 
SP2-1802 
SP2-1803 
SP2-1804 
SP2-1805 


Triple Output 
SP3-1801 
SP3-1802 
SP3-1803 
SP3-1804 


Quad Output 
SP4-1801 
SP4-1802 
SP4-1803 
SP4-1804 


Five Output 
SP5-1801 
SP5-1802 


#1 


2 @ 240 
5 @ 240 
12 @ 100 
15 @ 80 
24 @ 50 
28 @ 42 
48 @ 25 


2 @ 120 
5 @ 120 
5 @ 120 
12 @ 66 
15@53 


5 @ 180 
5 @ 150 
5 @ 180 
5 @ 150 


5 @ 150 
5 @ 150 
5 @ 150 
5 @ 150 


5 @ 120 
5 @ 120 


#2 


#3 


#4 #5 


Total output power may not exceed 
1200 watts for any model, single 

or multiple output. Lower power 
StakPak models are available. 
Please contact the factory. 


5 @ 120 
5 @ 120 


12 @ 66 
12 @ 66 
15 @53 


12 @ 16 
12 @ 33 
15 @ 13 
15 @ 26 


12@ 16 
15 @ 13 
12 @ 16 
15 @ 13 


12 @ 16 
15 @ 13 


12 @ 16 
12 @ 16 
15 @ 13 
15 @ 13 


12 @ 16 
15 @ 13 
12 @ 16 
15 @ 13 


12@ 16 
15 @ 13 


5 @ 30 
5 @ 30 
24@8 
24@8 


24@8 
24@8 


5 @ 30 
5 @ 30 
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Like spoken languages, computer languages should be open for 
enhancements and adaptations. No one should “own” languages. 
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Odds are 50-50. 


your perfect ASIC is a 
perfect dud the first time 
you plug it in. 
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Thats why 
Mentor Graphics 
lets you combine 
ASIC and board 
circuitry ina 
single simulation. 


Trouble in ASIC paradise. 

The big day has arrived. 

Your first gate array is back from the foundry. 
With high expectations, you plug it into your 
board and power up. 

It doesn’t work. 

Don’t feel alone. Over 50% of ASICs aren’t 
operational when first installed in their target 
system. Even though 95% pass their foundry 
tests with flying colors. 


An immediate solution. 

Mentor Graphics shifts these even odds 
heavily in your favor with our QuickSim™ logic 
simulator, which lets you simulate both your 
ASIC and board circuitry in a single run. 

With QuickSim, you not only track 
the internal operations of your ASIC 
circuitry, but also its transactions 
with the system at large. If there’s a 
problem, you see precisely where it’s 
located, either inside or outside 
your ASIC. All in a single, interac- 
tive simulation environment, 
where you can view and graphi- 
cally “probe” the circuitry created 
by our NETED™ schematic editor. 


Check out our libraries. 
Library support is an ideal 
benchmark to gauge the true 
worth of an electronic 
design automation system. 
The more diverse and plenti- 
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ful the component modeling libraries, the 
greater the design capability. It’s as simple as 
that. 

By this simple, yet decisive measure, Mentor 
Graphics brings you unequaled design capabil- 
ity. While other EDA vendors scurry to produce 
their own ASIC libraries (with little guarantee of 
accuracy), more ASIC vendors put their libraries 
on Mentor Graphics workstations than any 
other. And in most cases, we're the first work- 
station supported, which means you have the 
first shot at exploiting new chip technologies. 

With Mentor Graphics, you get a breadth of 
LSI and VLSI component models, both hardware 
and software based. All of which can be mixed 
with ASICs in a single simulation that cuts your 
run time to an absolute minimum. 


To be continued. 

So much for the present. We’re already devel- 
oping new EDA tools for systems design that will 
extend to every dimension of electronic product 
development. From high-level systems descrip- 
tions to CASE. It’s what our customers expect. 
It’s what we'll deliver. 

It’s all part of a vision unique to Mentor Graphics, 
the leader in electronic design automation. Let 
us show you where this vision can take you. 

Call us toll-free for an overview brochure and 
the number of your nearest sales office. 

Phone 1-800-547-7390 
(in Oregon call 284-7357). 


Asia Pacific Headquarters 
Tokyo, Japan 

Phone: 81-3-505-4800 
Telex: 2427612 


Middle East, Far East, 

Asia, South America 

Mentor Graphics Corporation 
international Department 
Beaverton, Oregon, U.S.A.: 
Phone: 503-626-7000 

Telex: 160577 


Mentor Graphics Corporation 
European Headquarters 
Velizy, France: 

Phone: 33-1-39-46-9604 
Telex: 696805 


Mentor Graphics Corporation 
North American Headquarters 
Beaverton, Oregon: 

Phone: 503-626-7000 

Telex: 160577. 
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The Best Too 


Now Experience Electronic Design 
As It Was Meant To Be With 
_ The New Digital VAXstation™ 3000 
_ Series, And The Full Line Of Valid 
_ CAE/CAD Software. 
From Digital Equipment Corpora- 
tion and Valid comes the ideal combination for Electronic 
Design Automation. A dynamic system you need to tackle 
todays critical design demands. 

It all begins with the powerful new VAXstation 3000 


Series of workstations from Digital. The VAXstation 3000 
12 


offers you incredible performance and high-speed graphics 
in a package suited perfectly for Electronic Design. 

Next comes the full line of Valid state-of-the-art soft- 
ware to address even your toughest Design needs. Included 
are tools for digital and analog design and analysis. As we 
as design and analysis for ICs and PCBs. Plus documentation 
and links to test, and mechanical CAE. 

Digital and Valid are able to bring you this synergy 
through the use of industry standards. Like the Ethernet™ 
network with DECnet™ TCP/IP protocols, which let your 
entire design team work together in unison. And VMS™ 
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operating system that allows Valid software to run on a To find out how Electronic Design was truly meant to 
VAXstations and VAX computers. be with customized application, hardware, networking and 
Working together makes the difference. support services from industry leaders, call 1-800-821-9441 


Digital and Valid products work cooperatively to (outside CA), or 408-432-9400 ext. 2311 (inside CA), or your 
ensure that your people can work more productively, more nearest Digital or Valid Sales Office. 
creatively, and more efficiently This offers you the benefits 
of a customized solution that integrates applications, hard- 


; - T Cooperative 
ware, networking, and support services — providing you dj ijglitlall Marketing 


Program 


with a key competitive edge in meeting your engineering 
design needs. The right peop e with the right too S working © 1988 Valid Logic Systems, Digital Equipment Corporation. Valid is a trademark of Valid Logic Systems. Digital logo, VAXstatio 
VAX, VMS and DECnet are trademarks of Digital Equipment Corporation. Other brands or product names are trademarks of 


together. Digita , Va id, and You. their respective holders. 
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SGN Introducing our 64-bit 
_— Series 10000. PRISM 
ee, | is the first workstation 
sa |. AEA SACS nce eae he No to incorporate a 64-bit 
eee es 7 architecture. A fact that 


oe 


GEES: 


Sr —™ |. ensures maximum system 
: _ throughput. 


There comes atime whe 
abetter workstation isto 


Faster Chips for Faster 
Processing: Advanced CMOS 
and ECL semiconductor 
technologies are used throughout 
to improve performance. 


A Power Plant for Performance: 
Each system can have up to four 
CPUs, delivering performance 100 
times that of a VAX® 11/780. 


Clever Compilers for Data Flow: 
So none of this power goes to waste, 
sophisticated compilers map existing 

applications to match the CPU 
architecture and maximize 

Where There are Discs There are application throughput. 

Data: Disc striping, a concept 

previously limited to 


A High Speed ae eae supercomputers, provides fast 


system bus passes access to as many as four high 
information between capacity ESDI drives. 
CPUs and main 
memory at 150 million 
bytes per second. 
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There are two ways to build a new workstation. The first is to 
push existing technology as far as it can go. The second is to create a 
new technology. 

And if you've ever wondered which approach yields the more 
impressive result, the next few paragraphs will resolve the question. 

Introducing our Series 10000” Personal Supercomputer” and the 
PRISM architecture on which it’s based. A new technology that’s so efti- 
cient, it takes performance previously restricted to supercomputers and 
packs it into an office-sized workstation. 

The consequence is a machine that can be configured with up to 
four CPUs running concurrently, Yet one that can deliver processing 
power for as low as $6500/MFLOP one-tenth that of the competition. 

Equally impressive is the fact that while our new Personal Super- 
computer calls on a brand new technology, it doesn’t forsake the old. 

It lets you work in a distributed UNIX” environment, supporting 
Berkeley 4.3 and System V.3. 


the only way to deliver 
ild a better architecture. 


And it’s totally compatible with other Apollo workstations. So 
you can retain all of your current applications, courtesy of a built-in 
compiler technology that ensures existing programs run more efticiently. 
Arrange soon for a demonstration of the Series 10000. It will 
grant you a view of technology more inspiring than you've ever imag- 
ined. Which is, after all, the reason to build a new workstation in the 


first place. fe pol iO 


For more information, call 1-800-323-1846, and in Massachusetts (1-800-847-1011) or write Apollo, 330 Billerica Road, Chelmsford, MA 01824. 


Apollo is a registered trademark and PRISM, Series 10000 and Personal Supercomputer are trademarks of Apollo Computer Inc. VAX is a registered 
trademark of Digital Equipment Corp. UNIX is a registered trademark of ATQT. 
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Configaration ae 


Chassis-Mount Modular 
Power From 50 


In single or multiple output applications, 
Vicor’s family of chassis-mount, power 
building blocks provide flexible and predic- 
table solutions to virtually any power 
system requirement. 


Vicor’s family of chassis-mount, off-line front 
ends, combined with the Mega and Master Module 
families of chassis-mount DC-DC converters, allow 
the power system architect to quickly and predic- 
tably customize expandable single or multiple out- 
put power systems with output power from watts 
to kilowatts. Modular power building blocks get 
you up and running in less time, at less cost, while 
Vicor’s unprecedented levels of power density and 
efficiency result in less wasted space and heat. 


Off-Line Front Ends 


Chassis-mount front ends are available in out- 
put power ratings of 250, 500, and 750 watts and 
are designed for direct connection with Vicor’s 
Mega Module and Master Module Series of DC/DC 
converter modules. 


FRONT END SELECTION CHART 


OUTPUT POWER 
MODEL 250W 500W 750W 
VI-FKE6-CUX r 
VI-FKE6-CQX v 
VI-FKE6-CMX v 


OPERATING PARAMETERS (ALL MODELS) 
INPUT VOLTAGE (VAC) 


NOM LOW HIGH TRANSIENT (1 SEC) 
110 90 135 150 
220 180 270 300 


Strappable to provide operation from 90 VAC 
to 270 VAC lines, the front ends feature conducted 
EMI/RFI filtering to VDE/FCC A & B, 50 msec 
holdup, active in-rush limiting and a BUS-OK 
status output. An opto-isolated AC-OK output is 
provided for advance warning of DC BUS dropout 
due to AC line failure. 
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to 600 Watts! 


DC/DC Converter Modules 


Vicor’s Mega Module and Master Module Series of 
single and multiple output DC-DC converters provide 
the power system designer with a cost effective, high 
performance, off-the-shelf solution for applications that 
might otherwise require a custom supply. These mod- 
ules incorporate standard VI-200 Series converters in 
a rugged, chassis-mount package. 


Single Output 


@ Single output available from 
50 to 200 watts. 
m 2.5" x 4.9” x 0.62”. 


m Single output available from 
100 to 400 watts 

m@ Dual outputs from 50 to 200 
watts each 

m 4.9" x 4.9" x 0.62”. 


Single, Dual and Triple Outputs 
_ m@ Single output available from 
150 to 600 watts. 
@ Dual outputs with the first 
output from 100 to 400 watts, 
and the second output from 
50 to 200 watts. 
@ Triple outputs from 50 to 200 
watts each. 
m 7.3" x 4.9" x 0.62”. 


Specify your configuration by picking any com- 
bination of Vicor’s standard output voltages (5, 12, 15, 
24, 48 VDC) at the power levels you need. Vicor does 
the rest. If standard output voltages don’t meet your 
needs, Vicor can provide semi-custom outputs any- 
where in the range of 2 to 100 VDC! For complete 
details and applications information, please refer to 
the Mega Module and Master Module sections of the 
Vicor Product Catalog. 


To Receive A Complete Catalog, Including Information 
On Vicor Products, Applications And Accessories, 
Call Vicor Today At (508) 470-2900, or write to 

23 Frontage Road, Andover, MA 01810. 


Component Solutions 
_ For Your Power System 


CORPORATION 


Al 


MMP OF ER RE 


\V/ZA8[P Thehigh-tech \ 


radiocommunication test system ~™ 


Y 


ony etn man ERENT nly sie yee cen dei nsanioin annie asses nt oA ta est aA HEN HERE HAN SU 


7 | \ 400 kHz to 1000 MHz 


@ High-performance test set \ . 
with new measurement capabilities | \ | 


@ AF/SSB spectrum analyzer, storage oscilloscope, \ 
RF spectrum monitor, transient recorder 


@ Cellular-radio simulator for NMT 450/900, | \ 


AMPS, TACS, Radiocom 2000, Network C | \ 1 
| << 
= 
\ ; O 
\ < 
/ | Ask for data sheet 
/ | Radiocommunication Analyzer CMTA 
Rohde & Schwarz | A. 
Postfach 80 14 69 | ‘Ss 
D-8000 Muenchen 80 
Federal Republic of Germany 
Telex 523 703 (rus d) 


Tel. internat. + (49 89) 41 29-0 
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GUARD! For fast, simple, secure 
DMM measurements! 


With true fully guarded inputs, parasiticlead Additional facilities of the PM 2535 — provide: _‘or further information, call your local supplier: 


— : . Austria® (222) 629141, Belgium (2) 5256692/94, Denmark” (1) 512222 
_ voltages and common mode noise are com- measurement scaling; 10-non-volatile instrument __fFinland* (0) 5026371, France (1! 49428080, Germany (561 5010, 


pletely eliminated from the PM 2534, for high —_ set-ups; constantly-active 999 measurement ‘teat Britain 923) 24051, Ireland 952601 Italy" /38) 36362401013 
oo . — Netherlands (13) 352455, Norway” (2/ 680200, Portugal” (1) 683 121 
_accuracy system and bench applications, and buffer and direct scanner control without using Spain () 4042200, Sweden (8) 7821800, Switzerland (1) 4682211 


PM 2535, for high accuracy applications a computer. Lael wasite ols 


- for countries not listed, write to: Philips IRE, T&M Department 
_ demanding data collection and post processing. Building HKE 5600 MO Eindhoven, The Netherlands. 
Other features include: 


Choise of 7 measuring functions (both 
models), front or rear inputs, 64 -digit guarded 
sensitivity with 100 nV resolution on a 300 mV 
_measurement or high speed 3 2 -digit measure- 
ments at 100 per sec.; IEEE-488 interface with 
simple English programming and scanner 
control extension. 


AUVANLIG (ELHNULUG! 
MADE TO MEASURE 


PHILIPS 


The Application Servers 


Build your application with Mizar’s new generation 
of 32-bit microcomputers. 


New standards of VME performance. 


pest Mizar presents a new line of micro- 
ee processors for VME-based applications. 
a ee With powerful Motorola 68020 and 


vey oF 


ae =a et 68030 CPUs at up to 30 MHz, and the 


\ gueaa ts shies ot He * z 
ee latest in memory interface and surface 


ae mount technology, Mizar provides the 
performance and functionality your 
application demands. 


Platforms for every application. 


Mizar designed its new processors 
with the application developer in 
mind. Mizar’s single-height processors 
are not only excellent computing 
Se ee ee 8 engines, but through Mizars MXbus"* 
ae Re ee ee — become uniquely configurable to meet 
3 os 3k i specific 1/O, memory and processing 
needs. MZ 8100 Series single-height 
processors can be transformed into 
double-height solutions with complete 
single-board functionality and perfor- 
mance. Similarly, the MZ 7100 Series 
of double-height processors provide 
all you expect from a single board 
computer, and can be tailored with 
easy-to-use plug-in modules. With 


either solution, you can start develop- 
ment today. 


Superior memory handling. 


Mizar’s engineers have reduced criti- 
cal wait-states to zero at 16.7, 20 and 
25 MHz in many cases. To enhance 
multiprocessor system performance, 
Mizar’s new on-card memory arbitra- 
tion logic frees the CPU during time- 
consuming memory operations across 
the VMEbus, allowing concurrent local 
processing. And for more demanding 
applications, Mizar’s 68030 based 

MZ 7130 even includes cache options. 


Your application demands the latest in 
32-bit VME technology. Call Mizar. 


-800-635-0200 


Ask for extension 140 


NEWS BREAKS 


MIXED-SIGNAL SIMULATORS INCLUDE SABER/CADAT 

The DesignSim AéeD mixed-signal simulator from NCR (Fort Collins, CO, (800) 
554-5454) uses the Saber/Cadat mixed analog/digital simulator with NCR’s Product 
Design Series I and II user interface. The company’s Product Design Series also 
includes two other integrated simulators: The DesignSim A analog simulator is based 
on Analogy Inc’s (Beaverton, OR) Saber simulator, and the DesignSim D digital simu- 
lator is built around HHB’s (Mahwah, NJ) Cadat. The simulators have full model 
support for NCR’s ASIC cell libraries. DesignSim D will be available in the first 
quarter of 1989; DesignSim A and DesignSim Aé&D will follow in the second quarter. 
—Michael Markowitz 


C COMPILER INCLUDES SUPPORT FOR FUZZY-LOGIC CONSTRUCTS 

The Fuzzy-C compiler from Togai Infralogic Inc (Irvine, CA, (714) 975-8528) 
allows software developers to integrate knowledge bases directly in C application 
programs. Fuzzy logic—computer reasoning that makes inferences on the basis of 
incomplete or imprecise information—can support applications such as real-time 
process control and systems diagnostics, and it can be integrated in expert systems. 
The Fuzzy-C compiler employs a knowledge-representation syntax that allows pro- 
grammers to develop fuzzy-logic production rules. The compiler also includes an 
inference engine and a debugger. The company plans to offer such follow-up products 
as custom VLSI fuzzy-logic processors, in-circuit emulators for fuzzy-logic proces- 
sors, fuzzy-logic accelerator cards, and seminars and training. An IBM PC-compatible 
version of the Fuzzy-C compiler costs $4950, and a version for Apollo, Sony, and Sun 
workstations costs $9900.—Maury Wright 


EVALUATION BOARD SUPPORTS FDDI FIBER-OPTIC LAN 

The Fast evaluation card from AMD (Sunnyvale, CA, (408) 732-2400) plugs into 
an IBM PC/AT or compatible computer and implements an FDDI (fiber distributed 
data interface) fiber-optic LAN node. In conjunction with the board, the company 
offers several software packages, collectively called Supernet support software. The 
products include FDDIMON, a debugging tool; FDDIDEMO, a menu-driven demonstra- 
tion program; FDDINET device drivers for MS DOS; and CMT Emulator, a tool for 
connection-management training. The board incorporates the company’s FDDI chip 
set, which comprises the Am79C81A RAM buffer controller, the Am79C88A data-path 
controller, the Am79C85A fiber-optic-ring media-access controller, the Am79C84A 
encoder/decoder (ENDEC), and the Am79C85A ENDEC data separator. The chip set 
costs $625 (100). A development kit that includes the Fast card and the company’s 
Supernet support software costs $6000.—Steven H Leibson 


ROM PROTECTS CODE FROM COPYING 

If you need to protect your ROM-based code from copying, consider using secu- 
rity ROMs from Macronix (San Jose, CA, (408) 454-1133). The MX23CS1024, 
MX25CS2048, and MX235CS409 are 1M-, 2M-, and 4M-bit ROMs that operate normally 
in your system, but can’t be read outside the system. The devices come in 150- and 
200-nsec speeds; prices range from $6 (OEM qty) for the 1M-bit device to $20 for the 
4M-bit device.—Richard A Quinnell 
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TMC2310 Runs 


1024-Point FFT in 0.5ms 


Here’s the FFT runner you need to 
win the race. It's the TMC2310 — the 
first single-chip FFT controller to be 
this fast and simple to use. 


Imagine all of these capabilities on 
one chip: Arithmetic functions, FFT 
coefficients (“twiddle factors”), even 
built-in address generation. That’s why 
the TMC2310 runs forward or inverse 
transformations, or multiple equal- 
length FFTs totalling 1024 points, in 
just 0.5ms. Or a complex radix-2 
butterfly in only 100ns. The TMC2310 
executes other functions just as quickly, 
including FIR filtering and vector 
operations. Even data windowing is 
included without impact on either 
performance or price. 


Better still, no development system 
is required. The TMC2310 jumps into 
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action with just two 13-bit control 
words. It’s so simple. No complex, 
bit-slice, microcode-intensive building 
blocks. No chip sets to contend 

with either. 


You can qualify for a FREE sample. 
Just tell us about your application 
and we'll send you a TMC2310 to 
run in your system. You can build a 
complete spectrum analyzer with the 
TMC2310, our new 12-bit ADC 
(THC1200 Series), our TDC1012 DAC 
and external data and window 
memories. Be a winner. Try the 
TMC2310. Available now in 88-pin 
plastic pin grid array (PPGA) from 
TRW LSI Products or your nearest 


Hall-Mark or Hamilton/Avnet location. 


TRW LSI Products — Bringing the worlds 
of Data Acquisition and DSP together. 
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TRW LSI Products Inc. 
P.O. Box 2472, La Jolla, CA 92038 
619.457.1000 


In Europe, phone: 

TRW LSI Products Inc. 
Munich, 089.7103.115; 

Paris, 1.69.82.92.41; 

Guildford (U.K.), 0483.302364 


In the Orient, phone: 

Hong Kong, Tektron, 3.880629; 
Tokyo, Dia Semicon, 3.487.0386, 
Teksel, 3.461.5121: 

Taipei, Sea Union, 2.751.2062; 
Seoul, M.S., 2.553.0901; 
Singapore, Seamax, 65.747.6155; 
Australia, Email, 613.544.8244 


7 aAXNvy 


TRW LSI Products Inc. 


©TRW Inc., 1988 — 712A03688 TMC2310 
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instrument’s comprehensive sel 


-ac-voltage, and resistance-measure 


Dual or single, 


our UARTs improve your system’s performance. 


You need every extra ounce of 
performance and reliability you 
can get to make your system the 
best. We've got the UARTs to do 
just that. 


Pacesetting Speed 

You'll get the full 20 MHz speed out 
of our UARTs. And, the LD1107 and 
LD1108 both work with Centronics 
and IBM PS/2 printer ports. 


©1988 Silicon Logic, Inc. 
IBM PS/2 is a registered trademark of 
International Business Machines Corp. 
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Modem Hand-Shaking 

An internal programmable baud 
rate generator lets you select 
transmit and receive clock rates 
from 50 Hz to 56 kHz. And do it 
for each channel independently. 


24-Hour Samples 

We mean business. We'll turn your 
sample requests around within 24 
hours. And the call’s on us. 
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Call Toll Free 


1-800-272-8866 


The Enhancement IC Specialists 


1150 Morse Avenue 
Sunnyvale, CA 94089 
408-734-8913 


rugged plug-in 


amplifiers 


0.5 TO 4000MHz from $1379 secs 


Tough enough to meet full MiL-specs, capable of operating over a wide -55° to +100°C 
temperature range, in a rugged package...that’s Mini-Circuits’ new MAN-amplifier series. 
The MAN-amplifier’s tiny package (only 0.4 by 0.8 by 0.25 in.) requires about the same 
pc board area as a TO-8 and can take tougher punishment with leads that won't break 
off. Models are unconditionally stable and available covering frequency ranges 0.5 to 
1O00MHz, NF as low as 2.8dB, and power output as high as +15dBm. 

Prices start at only $13.95, including screening, thermal shock -55°C to +100C, 

fine and gross leak, and burn-in for 96 hours at 100°C under normal operating 

voltage and current. 


Internally the MAN amplifiers consist of two stages, including coupling capacitors. 
A designer's delight, with all components self-contained. Just connect to a dc 
Supply voltage and you are ready to go. 


The new MAN-ampilifiers series... 
another Mini-Circuits’ price/performance 


breakthrough. 
FREQ: 
RANGE GAIN MAX. NF DC PWR PRICE 
(MHz) dB OUT/PWRt dB 12V, $ ea. 
MODEL fL to fy min flatnesstt dBm (typ) mA (10-24) 
MAN-1 0.5-500 28 10 8 45 60 13.95 
MAN-2 0.5-1000 19 15 rij 6.0 85 15.95 
MAN-1LN = 0.5-500 28 1.0 8 2.8 60 15.95 
©MAN-1HLN- 10-500 10 08 15 3.7 70 15.95 
*MAN-1AD 5.500 16 05 6 12 85 24.95 
ttMidband 10f, to fu/y, £0.5dB tlIdB Gain Compression Case Height 0.3 In. 


Max input power (no damage)+15dBm; VSWR in/out 1.8:1 max. 
* Active Directivity (difference between reverse and forward gain) 30 dB typ. 


finding new ways... 
Setting higher standards 


[2 Mini-Circuits 


A Division of Scientific Components Corporation 


P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 


CIRCLE NO 129 
C118 REV. E 


de to 3GHz 


less than 1dB insertion loss over entire passband 

greater than 40dB stopband rejection 

5 section, 30dB per octave roll-off : 
VSWR less than 1.7 (typ) 


- over 100 models, immediate delivery P.O. Box 350166, Brooklyn, New York 115380008 (718) 934-4800 
. meets MIL-STD-20? Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 


rugged hermetically sealed package (0.4 x 0.8x 0.4 in.) 
BNC, Type N, SMA available 


450 | 550 | 600 


LOW PASS Model 10.7 | 21.4| 30 


Min. Pass Band (MHz) DC to ' 900 
Max, 20dB Stop Frequency (MHz) 19 32 1340 
Prices (ea.): Qty. (1-9) P $11.45, B $32.95, N $35.95, S $34.95 
HIGH PASS Model 

Start, max. 41 90 1000 
Pass Band (irZ) end, min. | 200} 400 2200 
Min. 20dB Stop Frequency (MHz) 26 95 720 
Prices (ea.): Qty. (1-9) P $14.95, B $36.95, N $39.95, S $38.95 

C105 REV. E 
CIRCLE NO 130 29 
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te] (ND PHIL 1S - THE GLOBAL ALLIANCE IN TEST & MEASUREMENT 


FLUKE 


Now, Philips offers you real data analysis power. 
With an unprecedented range of graphic and analy- 
tical functions. Plus instant display of the results. 

All you need is a Philips digital storage oscillo- 
scope, your personal computer and Philips’ new 
PM 2260 software. This package combines the 
ASYSTANT ™ scientific software with specific Philips 
oscilloscope drivers. So you can transfer your ac- 
quired measurement data directly from oscilloscope 
to PC, and perform for example an FF T-calculation. 

Operation is fully menu-driven, with on-line 
help any time you need it. There’s no need for any 
programming. You get full control of data presenta- 


PHILIPS 


Space har toggles scroll and sark. 
Esc key seturns to nena. 


UNPRECEDENTED DATA ANALYSIS 
FROM ANY PHILIPS 


Prov Orig ‘Store  Xchng —_Ovrurt 


bt tt tt tt 
é 


4. 3BE3 


3.8282 Dep indx’s 
3.8253 


1.8183 Marks 
{ Data inc ~ 4% 


tion, with instant access to numerous high-level 
analytical and graphic functions (e.g. power spec- 
trum, FFT, inverse FFI, auto and cross correlation, 
integration, differentation, axonometric and contour 
plotting as well as normal display of data). 

The PM 2260 package Is a powertul tool that 
lets you interact simply and visually with your data. 
Together with a Philips digital storage oscilloscope, 
it’s the ideal way to get the most out of your mea- 
surements. Find out more from your Philips distri- 
butor of local sales organization. 


MASYSTANT isa trademark of Asyst Software Technologies, Inc. 


Seq > Utrn 


ot 


PHILIPS 


PHILIPS 


PILES 


system requirements: 
IBM PC or 100% -compatible preferably equipped 
with a handdisk, running under MS-DOS 
operating system and with at least 640 K RAM: 
additional math co-processor has to be installed 
as well as a GPIB interface card (e.g. PM 2201). 


for further information, call your local supplier: 
Austria* (222) 629141, Belgium (2) 5256692/94, Denmark” (1) 5/2222 
Finland” (0) 5026371, France (1) 49428080, Germany (561) 5010, Great 
Britain (923) 24051), Ireland (1) 952501 Italy" (39) JB3B240/8/9 
Netherlands (13) 352455, Norway” (2) 680200, Portugal” () 683121 
Spain™ (1) 4042200. Sweden (8) 7821800, Switzerland (1) 488271). 
“For Philips products only. — 

for countries not listed. write to: Philips IE, I&M Department 

Building HKF 5600 MD Eindhoven, The Netherlands. 


ADVANCED TECHNOLOGY. 
MADE TO MEASURE 


PHILIPS 
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If youre testing complex boar 


You're facing one of test engineering’s toughest 
challenges. VLSI boards like this one. But witha 
Teradyne L200 board tester on your side, complex 
test problems can be conquered quickly. 


The L293 VLSI Module Test System. 
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Stay in front of VLSI/VHSIC advances. 

Start with the most advanced hardware for analog 
and digital testing. An L200 fires functional test pat- 
terns at 40 MHz rates. At up to 1152 test channels. 
Top speed is 80 MHz. That’s 4 to 8 times faster than 
any competitor can deliver. 

And the L200 hits test signal timing precisely 
With up to 32 timing sets for drive phases and test 
windows. Its 250 ps programming resolution with 
zero dead time puts signal edges right where you 
want them. 

Divide and conquer. 

VLSI/VHSIC boards demand large, complex test 
programs. But the L200’s distributed computer 
architecture simplifies matters. 

Testing is controlled by a VAX computer. It sends 
tasks to specialized processors for rapid deployment 
of analog, digital, and memory tests. 
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Programmers will appreciate clustered VAX 
workstations. Graphics, like waveforms and shmoo 
plots, make heavy debug and analysis light work. 
Simulation and other tactics. 

High-powered software tools tailor L200 test 
development to modern design techniques and test 


Test Maximum Channel abpeceiar 
Channels Pattern Rate Skew recisely the 
caliber of 
tools you 
L280vx 1 1OZ 10 MHz need to get 
tests up and 
L200 VLSI board test systems are the performance leaders. running fast. 


Take our LASAR simulator. It works closely with 
the L200 for both cluster and board-level testing. 
LASAR accurately predicts VLSI circuit responses 
and reports test program fault coverage. 

Significantly, LASAR simulates L200 characteris- 
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eres asimple plan of attack. 


tics. So test programs automatically include when to 
test board responses. And what response is expected. 
The result is uncompromising go/no go tests as well 
as precise guided probe or fault dictionary diagnosis. 
A powerful ally. 

L200’s have proven themselves under fire at hun- 
dreds of advanced manufacturing sites worldwide. 

So if you’re about to take on anew VLSI/VHSIC 
project, find out how to launch a winning test strat- 
egy. Call your local Teradyne sales office or write: 
Teradyne, Inc., 
MS L37, 

321 Harrison 
Avenue, Boston, 
MA 02118. 


Antwerp 3-233-9271, Boston 617-482-2700, Esher 372-62199, Hong Kong 5-895- 
2155, Milan 2-2134601, Munich 89-40-1961, Paris 1-4745-1760, Rome 6-514-1646, 
Seoul 2-545-4066, Singapore 223-8561, Stockholm 8-750-5950, Taipei 2-505-8567, 
Tokyo 3-719-0151 VAX is a trademark of Digital Equipment Corp. 


We measure quality. 
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NEW 
MONOL'THIC 
POWER 

OP AMPS. 


.. .from the worldwide leader 


in power amplifiers. 


Our new OPA541 op amps deliver more 
power for your money, up to 5A 
continuous, 10A peak, from +40V 
supplies. And OPA2541, the dual, saves 
valuable board space—especially 
important in multiple power amp 
applications. Use them as drivers for 
servo motors, ATE pins, voice coils, and 
power actuators. 


Rugged, low-cost monolithic design 
The key to their superior performance is 
a highly efficient monolithic design, 
fabricated using our proprietary 
bipolar/FET process. Check these 
features: 

@ SA continuous, 10A peak output 

® wide +10V to +40 V supply range 

® extended safe operating area (SOA) 

® fast 8V/us slew rate 

Largest selection of power op amps in the 
industry 

Besides the new OPA541 and OPA2541, 
Burr-Brown offers designers a broad 


Safe Operating Area 
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assortment of high current and high 

voltage op amps. 

® supply ranges to +150V, output 
Currents to 15A 

® extended SOA models for maximum 
protection 

® compact, electrically-isolated TO-3 
packages 

@ high speed, wide bandwidth models 

® full military models available 

All backed by over 30 years of design and 

manufacturing experience you can 

depend on. 
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Free Power Amplifiers selection guide 
Our Power Amplifiers selection guide 
gives you key specifications, pin outs, 
performance curves, and applications tips 
for all our high voltage and high current 
op amps. Ask your Burr-Brown 
representative or contact Applications 
Engineering, 602/746-1111. Burr-Brown 
Corp., P.O. Box 11400, Tucson, AZ 
85734, 


BURR -BROWN® 
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More algorithm sources 


Looking for sources of algorithms 
is acommon problem faced by many 
EEs at work. I say this because I 
went through a situation similar to 
Alan Clark’s (Signals & Noise, 
EDN, August 4, 1988, pg 31) some 
years ago. I want to suggest a few 
publications, books, and sources 
that are very helpful to both hard- 
ware and software engineers. 

First, you may find the following 
publications helpful: 

Malick, J D, BasicA Science & 
Graphics Handbook, Simplification 
Unlimited, Menlo Park, CA. 

Schildt, Herbert, C: The Com- 
plete Reference, Osborne/McGraw- 
Hill. 

Johnson, Nelson, Advanced 
Graphics in C, Osborne/McGraw- 
Hill. 

Scientific & Engineering Appli- 
cations with Personal Computers, 
John Wiley & Sons. 

Also, you could join a computer 
book club, or have publishers mail 
you information on their latest pub- 
lications. Osborne/McGraw-Hill, es- 
pecially, publishes very good soft- 
ware books. Byte Magazine, EDN’s 
Design Ideas sections and supple- 
ments, and Microsoft Press are also 
good sources. 

I ensure you that the above 
sources will provide every algo- 
rithm you need for any kind of ap- 
plication (at the very least, the ones 
Alan Clark mentioned). Some of 
these publishers also offer the rou- 
tines on disk for around $20 to $30. 
Sean Nihalani 
President 
Suntech Imaging Corp 
Huntington Beach, CA 


Consider alternatives 
to floating-point math 


The following may be of use to Alan 
Clark: 
A reference for transcendental 


functions is Computer Approxima- 
tions by J Hart et al, which was 
reprinted recently by R Krieger 
Publishing. I have found the book 
useful for exponentials and loga- 
rithms as well as trigonometry. I 
should also give credit to Phil Koop- 
man Jr for his article “Transcenden- 
tal Functions” in Forth Dimen- 
sions, November/December 1987. 
You can contact the Forth Interest 
Group at (408) 277-0668 for re- 
prints. 

Integer square root routines for 
the 8086/88 have appeared in Dr 
Dobbs’ Journal, April 1983; rou-_ 
tines for the 68000 have appeared 
in many EDN Design Ideas. Con- 
version from integer to floating 
point and vice versa is highly de- 
pendent on your floating-point for- 
mat; read Knuth’s The Art of Com- 
puter Programming, Volume 2, 
chapter 4 to get a handle on this. 

My only offering on the graphics 
front is a pointer to Jack Bresen- 
ham, an IBM employee who de- 
scribed the currently acceptable al- 
gorithm for straight-line drawing. 
A review of his algorithm appeared 
in Byte, March 1988. I have an 8080 
implementation of a similar algo- 
rithm. (The same issue also pro- 
vides some enlightenment on float- 
ing-point topics. ) 

In closing, I should confirm what 
you may have suspected—my first 
language is Forth. Therefore, I 
must urge you (in an 8-bit environ- 
ment without math-coprocessor 
support) to strongly consider alter- 
natives to floating-point arithmetic. 
Thirty-two-bit integers give you 
good speed and numbers as high as 
+2 billion to play with. Fourteen- 
bit fractions can help in some appli- 
cations (8192 means 0.5, etc). Ra- 
tional approximations (7 1s 355/118) 
often give results with errors of less 
than 10 ppb for a 16-bit numerator 
and denominator. 

Bill Hall 
Woodhenge Systems 
Deerfield, NH 
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True general-purpose 
algorithms don’t exist 

I have programmed (for various mi- 
croprocessors) algorithms for the 
arithmetic, transcendental, base- 
conversion, floating-conversion, 
and ASCII-conversion functions 
sought by Alan Clark (Signals & 
Noise, EDN, August 4, 1988, pg 
31). I can appreciate his problems, 
because I have had to do consider- 
able mathematical and processor- 
hardware research to support my 
algorithm selections and program- 
ming. I have programmed “ordi- 
nary” floating-point, conversion, 
and transcendental function pack- 
ages, aS well as some more exotic 
things, including memory-filling 
square roots, long-precision incom- 
plete elliptic integrals, and 64-bit 
binary logarithms. 

I can demonstrate (though I 
won't do so here) that you must 
take so very many mathematical 
considerations and factors into ac- 


count to achieve satisfactory accu- 
racy and efficiency in this subject 
area, that distilling the results into 
some few “fundamental” and “gen- 
eral-purpose” algorithms is simply 
not possible. Worse, the complexi- 
ties can be such that a designer un- 
versed in the subject and attempt- 
ing to make an uncritical choice of 
algorithm could produce a very bad 
result without knowing it, and could 
subject his firm to liability. 

I have found the textbooks and 
technical papers in this field to be 
highly illuminating, but these refer- 
ences contain material that requires 
interpretation and the execution of 
critical judgment before you apply 
it. A recent magazine article (“Some 
assembly required: Floating-point 
without a coprocessor” by Rick Gra- 
ham, Byte, September 1988, pg 313) 
is representative of this type of 
technical material, and might serve 
as a starting point. Perhaps some- 
one should sponsor a new book, 


teaching what is involved and ex- 
plicitly including the criteria for se- 
lecting algorithms. 

Some of Alan Clark’s needs can 
be met if his expectations are low- 
level enough and are sufficiently 
circumscribed. For example, where 
an ordinary floating-point package 
is needed, and when one of the stan- 
dard binary or decimal floating- 
point formats is to be used, I could 
demonstrate (again, not here) that 
some of the required arithmetic and 
conversion functions can be flow- 
charted by inspection, with due 
care for the cases that arise. The 
ability to do this flowcharting by 
inspection is a consequence of the 
regularity of Arabic number repre- 
sentation. If you require efficiency, 
however, you might have to tailor 
that flowchart to best utilize the mi- 
croprocessor’s instruction reper- 
toire. 

With regard to square roots and 
to the trigonometric/transcendental 


A Suriace Mount Breakthrough! 


First True Surface Mount 
Wirewounds. Low aspect 
ratio for easy handling and 
stable mounting. No tipping or 
rolling. Field proven for high 
speed automatic placement. 


Dale WSC 
Wirewound Resistors 


Now you can have all 
the advantages of wirewound 
resistance in a space-saving 
package. Dale’s WSC is totally 


compatible with standard surface 


Wraparound Terminals. Hot solder dipped 
copper provides maximum solder bond area, 
promotes efficient heat transfer and eliminates 
need for machine orientation. 


mounting techniques. It eliminates the 

slowdowns and compromises of products 

merely adapted for surface mounting. 

You get a true SMD — designed from the board up 

to combine fast, economical assembly with low 

values, low TC's, close tolerances and high power-to- 
size ratios. It's the breakthrough you expect from the 
industry leader in resistance technology. Call your Dale 


Representative or Dale Electronics, Inc., 1122 23rd Street, 
Columbus, NE 68601. Phone (402) 564-3131. 
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Precision in Minimum Space. Reliable wirewound 
element in molded housing. Occupies up to 30% 
less space than comparable axial lead resistor. 


SPECIFICATIONS 


WSC-1 = 1-watt, 0.10 — 2.38KQ 
WSC-2 = 2-watts, .0050 — 10.4KQ 
Tolerances: +.05% to +5% 
TC/R: + 20,50, 90 PPM/°C 
Dimensions: 
WSC-1] = .250L x .150W x .110H and 
WSC-2 = .445L x .275W x .162H. 
Tape and Reel Packaging: 
WSC-1 = 16mm and WSC-2 = 24mm 
NOTE: WSC-1 = .112 x .337 

(std. chip) footprint. 


DALE. 


Dale Makes Your Basics Better 
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en size and speed matter; 
Look to Seagate's 
5' ST157 Family 


When 5.25” drives won't fit, or if you just think — each one is built with the quality and reliability 
“small is beautiful” Seagate’s ST157 family provides you've come to expect from the first name in disc 
less than 30 msec access time for today’s generation drives. 
of high-performance personal computers. For easier installation, you can configure the 

Select from the 21 MB ST125, the 32 MB ST138 right 3.5” solution by choosing from Seagate's line of } 
or the 48 MB ST157, all available with either SCSI —_ controllers and adapters for the ST157 family. 
or ST412 interface options. For more information on the small drives that 

With over one million produced, Seagate now _ are big on speed, contact your authorized Seagate 

uilds over 8,000 ST157 family drives per day. And __ Distributor, or call Seagate at 800-468-DISC. 


The first name in dise drives 


SIGNALS & NOISE 


Member of Technical Staff 
Ground Data Systems 


Jet Propulsion Laboratory 
Pasadena, CA 


functions of an ordinary floating- 
point package, it will suffice for me 
to caution those who select algo- 
rithms that the subject is not triv- 
lal, that even packages from reputa- 
ble vendors can be unsatisfactory, 
and that there are dozens of algo- 
rithms that can be applied. With re- 
gard to graphics, where subjective 
and aesthetic considerations are 
very important, similar cautions 
apply. 

Now that the cost of software is 
understood as being potentially 
many times the cost of hardware, 
I could argue that Clark should not 
even consider applying a microproc- 
essor that is unsupported by a high- 
level-language compiler and by a 
sufficient mathematical-function li- 
brary package. To this argument, 
I would add that the needs of mod- 
ern mathematics frequently tran- 
scend the capabilities of the ordi- 
nary function package that comes 
with, say, a typical Fortran com- 
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piler. Clark’s designers should, 
therefore, acquire enough knowl- 
edge of the package’s capabilities, 
against the application’s needs, to 
know when to call a consultant. 

Pathological cases encountered in 
applications arise from require- 
ments for speed, program minimiza- 
tion, special hardware and copro- 
cessor Support, exactness, mono- 
tonicity, symmetry, over/underflow 
control, and unusual precision. For 
the analytic and transcendental 
functions, these pathologies are 
compounded in the case of complex 
arguments, accuracy near singulari- 
ties and cuts, large arguments, a- 
symptotic function evaluation, ete. 
There’s a lot more to be said about 
these cases. There are some funda- 
mental principles the designer 
should know. But I would hold out 
no hope for finding “fundamental” 
or “general-purpose” algorithms to 
handle these cases. 


David E Wallis 
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YOUR TURN 


EDN’s Signals and Noise column pro- 
vides a forum for readers to express their 
opinions on issues raised in the 
magazine's articles or on any topic that 
affects the engineering industry. Send 


your letters to the Signals and Noise 
Editor, 275 Washington St, Newton, MA 
02158. We welcome all comments, pro 
or con. All letters must be signed, but 
we will withhold your name upon re- 
quest. We reserve the right to edit let- 
ters for space and clarity. 
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Send me a free 
preview copy 


Master Designer also features 
The p- C AI) full forward and back annotation. 


A 6,000 component library 


[ 

| 

| 

. Automatic pl t : , 
Software rnd iO routing. Extensive || PCB Design | 
seg see ee High- | User’s Guide. | 
That Made = | *inictNotivfins itso | | 
. ductive, you’re likely to see | | 
This Famous | iissis 
L { Or less. \ S . | - . | 
ompany 

ap Op | Address | 
Computer ha 
| Pie ae EDN 01198 | 
s Now Made innominate 


° And that’ll help you justify 
TO Fit Your even more modules. Such as rip- | 4 — i 


up and re-try routing. Thermal 


Bu d g et analysis. Gerber previewing and PERSONAL CAD SYSTEMS INC. 
, editing. Analog circuit simula- 1290 Parkmoor Avenue 
tion. A DXF interface for San Jose, California 95126 
mechanical design and technical 900-523-5207 U.S.A 
gee pe ies In California, 800-628-8748 
When Zenith Data Systems Designer costs less, it comes with CIRCLE NO 79 
needed to pack power into their our full complement of update 
laptop computers they turned to services and training. Including 
P-CAD®’s Master Designer ™ support from over 50 reseller 
printed circuit board software. locations nationwide. 
Why? Because only Master No wonder over 100,000 
Designer was powerful enough boards a year are designed 
to meet their tough requirements. with P-CAD software. 
Today, the same software used For more information call | 


by Zenith Data Systems and over 800-523-5207. In California, 
10,000 others is available to PCB dial 800-628-8748. Or send 
designers everywhere. Modular us this coupon and we'll 
software that costs about half mail you a free preview 
what you'd expect. copy of our PCB Design 
User’s Guide. Complete 
with aCAD Buyers 
Guide to help you 
select the CAD 
system that’s right 
for you. 

And do it now. 
Because an oppor- 
tunity like this 
doesn’t fall 
in your lap 

For starters, Master Designer's every day. 
schematic capture and interactive 
layout lets you design using the 
latest through-hole and surface ae : 

P-CAD is a registered trade- 


mount technologies. mark and Master Designer 


a trademark of Personal CAD : 
Systems, Inc. 


Total ISDN commitment 


innovative chips for telecom/datacom 


Integrated telecom and datacom on 
one system. Services like voice, data 
text and video. Digital transmission 
from end to end. Network capability 
worldwide with standard interfaces 
and call procedures. In short ISDN. 


And you can migrate to this new com- 
munication environment right now, 


from an existing telephone network 
structure. 


Siemens, through a long term techno- 
logy partnership, offers a Common 
ISDN chip set second sourced by 
AMD, the broadest, multiple-sourced 
selection of ISDN devices available. 
Like the S-bus interface circuit (SBC) 
and ISDN echo-cancellation circuit - 
(IEC) for transmitting the 2B+D ISDN 

_ data rate over the 4-wire CCITT S 

interface or 2-wire U interface. 

The ISDN burst transceiver circuit — 

(IBC) is a low-cost 2-wire ancoeioer 
for PABX and Terminal applications. 

_ ISAC-S is an ISDN subscriber access 
— controller which, together with an ISDN 
terminal adapter circuit (ITAC), forms 
an access module for interfacing con- 
ventional data- “processing See 


IOM (ISDN-oriented modular) inter- 
face for connection of different compo- 
nents within the basic ISDN access, for 


flexibility using different transmission 
rates. 


ISDN is opening up new markets and 
opportunities. Secure your primary and 
basic access with Siemens devices, 
founded on experience and by usage, 
backed up by allround service and 
support. 


Europe: Siemens AG, 

Infoservice B-Z571, Postfach 23 48, 
D-8510 Furth 

USA: Siemens Semiconductor Group, 
2191 Laurelwood Road, Santa Clara, 
CA95054, mentioning “ISDN-Chips’”. 


TopTec Components 
from Siemens: = 
the key to digital 
communication 
CIRCLE NO 80 


Nat 


_—. 
—r—CsS 
. : ! maa _— ee 

hicnnmmnmtin  .... : . 


PA ieee ENE a 


Le 
Bis 
ee 


EDN January 19, 1989 


From single ICs to board-level 


development, Oki’ systems approach 


gives you a competitive edge 


Oki Semiconductor offers you a unique array of 
products, leading-edge technologies, and comprehen- 
sive support services. But what really sets us apart is 
our unique way of applying them. We call it System 
Technologies for Customer Solutions. 


Oki systems thinking 

Rather than just taking your order as other 
suppliers might do, we join with you as a partner and 
work to understand your product concept as a whole, 
before determining its component technologies. Then 
to meet your goals, we draw on a tremendous range 
of expertise and worldwide resources others simply 
cannot match. 


Expertise at every level 

As the only company that can deliver standard IC, 
ASIC, packaging, and value-added capabilities from a 
single source, we can uncover options and alternatives 
at many levels of system development and fabrication— 
opportunities others would not perceive. So we can 
assist you with everything from single ICs to value- 
added products, at any stage you require. 

The result of this integrated, single-source 
approach is a solution that’s precisely tailored to your 
needs. A solution that can help you achieve real com- 
petitive advantages—by speeding product development, 
getting you to market faster, lowering costs substan- 
tially, enhancing your product with new features, 
or making production more efficient. 


Partnerships 
that work 

Unlike many 
companies, Oki is 
willing to share 
resources to Co- 
develop products and 
technologies. We 
back this commit- 
ment with compre- 
hensive design and 
support tools, as well 
as highly capable people who help you make the most 
of our resources. If you’d like to gain the kind of 
competitive edge Oki customers already enjoy, call us 
today or complete and mail the coupon below. And 
find out how Oki’s unique blend of partnership and 
systems thinking can make a real difference for you. 


Oki. Solutions from start to fi nish. 


| 
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Low Current 

High Isolation 
Auto Insertion 
Opto-lsolators 


The new CLM400 series of opto-isolators with 2000 volt isolation and 
drive currents of 1ma. are packaged in a pin based lead design 
package for rapid auto insertion in PCB’s. Low “ON” resistances of 
250 ohms at ima. are available. Noiseless switching and automatic 
gain control for audio circuits are readily accomplished, at low cost and 


with high performance. 


For the optimum solution to each of your individual “light” problems, 
call 914-664-6602 or FAX 914-664-6449 or write Clairex®, 560 South 
Third Avenue, Mount Vernon, New York 10550. 


CLAIREX ELECTRONICS 


A Division of Clairex Corporation 


CIRCLE NO 3 


Survival! That’s what you can expect 
from OTTO precision snap-action 
pushbutton switches. Sealed to sur- 
vive the rigors of industrial, commer- 
cial and military applications, these 
switches are available in momentary 
and alternate (push-on, push-off) 


Dry Desert to Wet World 


action, miniature and subminiature 
sizes, choice of front panel appear- 
ance and button colors. 


Sealed against dirt and water. Electrical 
ratings from computer level to 10 Am- 
peres. Contact resistance <.025 ohms. 


OTTO. 


j CONTROLS Division, OTTO ENGINEERING, INC. 
2 East Main Street ¢ Carpentersville, Illinois 60110 ¢ Phone: 312/428-7171 © FAX 312/428-1956 ¢ TELEX: 72-2426 
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CALENDAR 


The 1989 Optical Disk Systems 
Conference: From the Mail Room 
to the Board Room, Phoenix, AZ. 
CAP International Inc, 1 Long- 
water Circle, Norwell, MA 02061. 
(617) 982-9500. January 23 to 25. 


ATE & Instrumentation Confer- 
ence West, Anaheim, CA. MG Ex- 
positions Group, 1050 Common- 
wealth Ave, Boston, MA 02215. 
(800) 223-7126; in MA, (617) 232- 
3976. January 23 to 26. 


Winter 1989 Unix Technical Con- 
ference, San Diego, CA. Usenix 
Conference Office, Box 385, Sunset 
Beach, CA 90742. (213) 592-1381. 
January 30 to February 3. 


Electromagnetic Interference— 
Characteristics and Control (semi- 
nar), Center for Continuing Engi- 
neering Education, University of 


_ Wisconsin-Milwaukee, 929 N Sixth 


St, Milwaukee, WI 53203. (414) 227- 
3120. January 31 to February 2. 


Power Electronic Conference ’89, 
Santa Clara, CA. Bob Mignarri, 
Conference Management Corp, 200 
Connecticut Ave, Norwalk, CT 
06854. (203) 852-0500. February 
7 to 9. 


Software Development ’89, San 
Francisco, CA. Miller Freeman 
Publications, 500 Howard St, San 
Francisco, CA 94105. (415) 995- 
2471. February 14 to 17. 


Power Supply Design Seminar, 
Tampa, Orlando, and Fort Lauder- 
dale, FL; Huntsville, AL. Unitrode 
Corp, 580 Pleasant St, Watertown, 
MA 02172. (617) 926-0404. Febru- 
ary 21 to 24. 


Semiconductor User and Applica- 
tions Industry Conference, San 
Francisco, CA. Dataquest, 1290 
Ridder Park Dr, San Jose, CA 
95131. (800) 624-3282. February 27 
to 28. 
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At Last, a Truly industrial 
PC AT System for the OEM 


Easy to mount Eurocard Three side mechanical bond into Introd ucing the first PC AT system 
hardware with optional the card cage, yet easy to access originally designed to be embedded 
power supply. Can be rack for simplified maintenance. 


into your machinery or instrumentation. 


With the GESPAC AT system, 
‘ruggedized PC’’ no longer describes 
a desk top PC in a stronger black 


mounted or bolted into any 
embedded system. 


100% ae : 
compatible box. Rather it is an architecture made 
Tesloven ; to last by design, with such features 
AT keyboard as small and robust board format, 
interface. and ultra-reliable pin-in-socket 
DIN connector. 
eesciee What’s more, the GESPAC System 
Intel 80286, is built for performance with Intel’s 
ahbiah ie original 80286 processor and 80287 
performance. Arithmetic Unit — In fact this system iS 
the most compact implementation of 
the 286 in the market today. 
a The powerful G-64 bus interface 


lets you customize your AT system 
with any of the 200-plus system com- 


Clock/calendar, 
dual communi- 


cation port . 
and optional onents available from GESPAC, to 
Pp . . Pp e : e 
oo - ; match virtually any system requirement. 
nit on a very e” TRAP hs 

high density, yi Take advantage of GESPAC’s 10 
edna years of experience in serving the 

e OEM marketplace. Call today to 

e Full 32-bit expansion bus ; 

| for easy Water eepension receive your free data sheet and our 
eonpes Fi customization with new 116 page catalog of board level 
single height eee | " ' t 
Sup oeare ty \ 96-pin DIN microsystfem 


pin-in-socket 


board format for a gas-tight 


products. 
(100 x 160 mm) ine 


that doesn’t —— = connection 
flex or bend a 
and withstands to last forever. 
the toughest shock 


d vibrations. 
ane ViSranlons Unprecedented selection of inexpensive I/O 


functions, from the simplest parallel and serial 
I/O, to high performance networking, X.25, 
motor control and imaging. 


Call Toll Free 1-800-4-GESPAC 
or call (602) 962-5559. 


USA - CANADA FRANCE INTERNATIONAL 
50 West Hoover Ave. __Z.1. des Playes 3, Chemin des Aulx 
el Mesa, Arizona 85210 83500 lLaSeyne — CH-1228 Geneva 
Tel. (602) 962-5559 —s- Tel. 94303434 _ Tel. (022) 713 400 
Fax. (602) 962-5750 Fax. 94 06 30 56 Fax. (022) 713 834 
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CALENDAR 


Compcon Spring ’89 (34th IEEE 
Computer Society International 
Conference), San Francisco, CA. 
Kenichi Miura, Fujitsu America, 
3055 Orchard Dr, San Jose, CA 
95134. (408) 432-1300. February 27 
to March 3. 


Commercially Available Reduced- 
Instruction-Set Computer Proces- 
sors (seminar), Anaheim, CA. Dr 
Amnon Aliphas, DSP Associates, 
18 Peregrine Rd, Newton, MA 
02159. (617) 964-3817. March 1 to 8. 
FOU 


- , Systems Engineering for Inte- 
| | 2 : grated Hardware/Software Appli- 

4 c cations (short course), Los Angeles, 
Gos Gods CA. John Valenti, Integrated Com- 
puter Systems, Box 3614, Culver 


City, CA 90231. (800) 421-8166; in 
CA, (231) 417-8888. March 7 to 10. 


The Executive Forum on Super- 
computing, San Jose, CA. Pat Wes- 
tly, Westly Enterprises, 3697 S 
Court, Palo Alto, CA 94306. (415) 
494-7115. March 9 to 10. 


APEC ’89 (IEEE Applied Power 
Electronics Conference and Expo- 
sition), Baltimore, MD. Trey 
Burns, Data General Corp, 4400 
Computer Dr, E213, Westboro, MA 
01580. (508) 870-9182. March 13 


To find out more about Gentron’s transistor series, contact: to 1%. 
Gentron Corporation | 
=y 6667 North Sidney Place, Milwaukee, WI 53209 C Programming Workshop, Seat- 
(414)351-1660 Telex: 26881 tle, WA. Specialized Systems Con- 
sultants Inc, Box 55549, Seattle, 


13 to 17. 


Modern Electronic Packaging 
(seminar), San Diego, CA. Technol- 


DID YO | K NO" ‘ / ? ogy Seminars Inc, Box 487, Luther- 
> ville, MD 21093. (801) 269-4102. 


March 20 to 22. 


’ 
Halt of all EDN ? DCA Forecast to Industry (semi- 
articles are staff-written. nar), Tyson Corner, VA. Janie Her- 
ring, AFCEA NOVA Chapter, The 
EIDN BDM Corp, 7915 Jones Branch Dr, 
McLean, VA 22101. (703) 848-6944. 


March 27 to 28. 
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It couldn't have happened conventional microprocessor 


to a better company. =) = §=on the market today, and 

This past June, Hewlett ee even outruns a number of 
Packard became the first major —— mm, RISC” processors. Plus it 
U.S. computer manufacturer © . mm eeeQ Offers firsts like on-chip 
to introduce a workstation _ data and instruction 
system based on Motorola's 68030 32-bit caches, parallel a. architecture and unique DRAM 
microprocessor. interface. 

As expected, it's turned out to be quite a That's why if you're planning a high-perform- 


system. The HP 9000 Model 360, in fact, reaches ance system, plan on talking to us first. For free 
processing speeds of upto 5 MIPS at25MHz.And _ benchmarks and more information, contact your 
the new Model 370 hits over 8 MIPS at 33 MHz. Motorola sales office. 

Largely due to Motorola's 030. After all, After all, one great turn deserves another. 
it delivers more performance than any other 


(MA) MOTOROLA 


* Reduced Instruction Set Computer. 
All company/product names are trademarks/registered trademarks of their respective companies. © 1988, Motorola Inc. 
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of your system. We call it “the guts’ We're Signetics. We've got the guts! Make us prove it. 
That's why were known as your dependable, world- Call ane 227-1817, ext. 982 and ask for our new 
wide supplier of quality ICs. Producers of devices capabilities brochure. 

that are processed with leading-edge technology and 

supported with customer-oriented service. 
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Whether it’s a question of speed, bandwidth, power consumption or cost, our family of 8-bit A/D flash converters 


has the answer. 


For example, if you need a monolithic high speed, ECL-compatible converter, there’ s our AD770 or AD9002. 
The AD7701s our fastest ECL-compatible 8-bit converter, witha guaranteed sample rate of 200MSPS. And its 250MHz 
full power bandwidth and SNR performance with high frequency i input signals can’t be beaten. The AD770 is available in com- 


mercial and extended temperature range versions. 


The AD9002 has a guaranteed sample rate of 125MSPS — yet its nominal power dissipation is a mere 750mW —and it 
operates froma single — 5.2V power supply. The AD9002 is also available with MIL-STD-883 processing, making it ideal for 


wide range of applications. 


On the other hand, if it’s a TTL- compatible 8-bit flash converter you need, there’s our AD9012 or AD9048. 
The AD9012 is the industry’s fastest TTL- compatible converter, witha guaranteed sampling rate nearly twice that of its 


Mubhustage comparator design reduces the probability of errors: 
duc tw metastable states or insufficwent gam; decoding logic far-~ 
ther reduces errors with a two-stage error-correcting architec- 
rare. 

AR inputs and outputs are ECL. compatible, and analog inputs 
can be cither bipubr or unipolar signals with wp to 4¥ range. 
with end point reference Force and Sense connections. 

‘There are three grades available. JD and KD grades are speci- 
fied over a 0 w + 70°C range; the SD grade is specified for 
remperatures from -35°C te + 125°C. Al standard grades are 
packaged mm 40-pin ceramic DIPs; contact the factory for other 
package options. 
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An overflow bit indicating overrange signals can also be used to 
Se ee Ae ee coe 
sagral. 

Iaput capacitance is typically 17pF and only 22pF maximum, 
sumplifying the choice of a driving amplifier. Co require- 
mes ete poe sepvly areelins se abi cost Decent He 
low 750mW dissipation of the AD9002. 

Tyre grades act: weiinhie; one bax 6.51.50 lecuy, xl the 
other has 0.7SLSB linearity. Beth versions are offered for opera- 
von from —25°C to +85°C packaged as 28-pin DIPs or 28-pin 
PLCCs. Miltary temperature range devices of —55°C to + 125°C 
ee ee oe 
pliant to MIL-STD-883 requirements. 


nearest competitor. Plus the AD9012 offers excellent ac performance, low power operation and low input capacitance. 

The AD9048 is an improved version of an industry-standard 8-bit TTL- compatible A/D converter, with the highest sam- 
pling rate, widest bandwidth, lowest input capacitance and lowest power. And the AD9048, as well as the AD9012, is available 
to MIL-STD-883. 

There’s no question about it—high performance characteristics are traits in our family of 8-bit A/D flash converters. So 
no matter what your requirement is for 8-bit analog-to-digital conversion, we have the solution. 

If you want more information ina flash on our 8-bit flash converters, call your nearest Analog AN ALOG 
Devices sales office or our applications engineers. Answers for the AD770 are at (617) 935-9960. DEVICES 
For the AD9002, AD9012 and AD9048, call (919) 668-9511. 

Analog Devices, Inc., One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106; Headquarters: (617) 329-4700; California: (714) 641-9391, (619) 268-4621, (408) 559-2037; Colorado: (719) 590-9952; 
Maryland: (301) 992-1994; Ohio: (614) 764-8795; Pennsylvania: (215) 643-7790; Texas: (214) 231-5094; Washington: (206) 575-6344; Austria: (222) 885504; Belgium: (3) 237 1672; Denmark: (2) 845800; France (1) 


4687-34-11; Holland: (1620) 81500; Israel: (052) 911415; Italy: (2) 6883831; Japan: (3) 263-6826; Sweden: (8) 282740; Switzerland: (22) 3157 60; United Kingdom: (932) 232222; West Germany: (89) 570050. 


The AD9O12 is a TTL compatible A/D converter fabricated in As its name implies, the monolithic AD9048 Video A/D Con- 
an advanced bipolar process which makes it possible to operate verter is an ideal choice for real-time conversion of video signals. 


appl cone ee | Its full power bandwidth is typically ISMHz, with no missing 
Be commer Se codes, and is a guaranteed minimum of 10MHz. | 


pale weed BC eed ieee nee ee _ adaptable and attractive for a broad range of applications. In 
In military applications, the requirement for mil-qualified addition to professional video systems and video imaging, it 


devices can be met with MIL-STD-883 units in electronic =———_is an excellent choice for electro-optics, digital radio and elec- 
‘The AD9012 is available in two grades: one has 0.5LSB linear- — two temperature ranges, with two grades of linearity. Linearities 
ity, and the other has 0.75LSB linearity. Both operate from of either 0.5LSB or 0.75LSB can be ordered for 0 0 +70°C 
~28°C to +85°C and are packaged as 28-pin DIPs or 28-pin. = —s commercial ranges, or —55°C to + 125°C military temperatures. 
PLCCs. Military temperature range devices of -55°C to +125°C = Commercial versions are in 28-pin DIPs and PLCCs; military 
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Over 2 5 00 styles, sizes and colors to meet your needs. . 

immediately available from stock. 
_ Or let us design a special case for you. 

Call us for the name of your local Bud Distributor. 


Bud East, Inc. 


Bud West, Inc. 


4605 East 355th Street (7733 West Olive. Avenue : 
PO. Box 431 P.O. Box 1029 
ughby, Ohio 44094 Peoria, Arizona 85346- 
_- 216) 946-3200 (602) 979-0300 | 
 216-951- 4015 FAX: 602-878- 5371 


Bud Industries, Inc. 


When it comes to enclosures, we've got you covered, 
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If your LCDs have you looking for an optometrist, Sharp Electronics has just the prescription. 


Supertwist LCDs with LED backlighting. 
These new displays are three times easier to read than current TN technology. With higher contrast 


and wider viewing angles than ever before possible. And their amber, green and red colors make them 
perfect for applications such as process control, typewriters, telephones and portable instruments. 
quantities available for immediate delivery. 


Even better, they re drop-in replaceable for TN-type LCDs. 

And for Sharp LCDs ready to ship today, 

focus on Marshall Industries. They’ve got production Marshall 
Give Marshall a call. It'll help sharpen up your image. 


(“Authorized Locations) San Francisco (408) 942-4600* IL Chicago (312) 490-0155" MN Minneapolis (612) 559-221 1* Rochester (716) 235-7620* Brownsville (512) 542-4589* 

AL Huntsville (205) 881-9235* CO Denver (303) 451-8383* IN Indianapolis (317) 297-0483* MO St. Louis (314) 291-4650* OH Cleveland (216) 248-1788* Dallas (214) 233-5200" 

AZ Phoenix (602) 496-0290* CT Connecticut (203) 265-3822* KS Kansas City (913) 492-3121* NC Raleigh (919) 878-9882* Dayton (513) 898-4480* El Paso (915) 593-0706* 
Tucson (602) 790-5687 * FL Ft. Lauderdale (305) 977-4880* Wichita (316) 264-6333" NJ N. New Jersey (201) 882-0320* Westerville (614) 891-7580* Houston (713) 895-9200* 

CA Irvine (714) 859-5050* Orlando (407) 767-8585* MA Boston (508) 658-0810* Philadelphia (609) 234-9100* OR Portland (503) 644-5050” San Antonio (512) 734-5100* 
Los Angeles (818) 407-4100* Tampa (813) 573-1399* MD Maryland (301) 840-9450* NY Binghamton (607) 798-161 1* PA Pittsburgh (412) 963-0441* UT Salt Lake City (801) 485-1551" 
Sacramento (916) 635-9700* GA Atlanta (404) 923-5750" MI Michigan (313) 525-5850* Long Island (516) 273-2424* TX Austin (512) 837-1991 * WA Seattle (206) 486-5747* 

San Diego (619) 578-9600* WI Wisconsin (414) 797-8400* 
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in high perfomance IC solutions like 
Call for our CMOS DataBook. — Cypress Semiconductor. 


‘has 229 different high perform- Either, or both, are yours for a 
ce parts for logic, EPLD, SRAM, fast, toll free phone call. 
ROM, and more 
Thinking RISC? You'll want Data Book CMOS# 
our new RISC Factors Brochure Hotline: _ 
that details our SPARC™ family, 1-800-952-6300 
with 20 MIP Integer Unit, Float- Ask for Dept. 
ing Point, Cache Tag, Cache RAM  (44* 
=: and Cache Control/Memory 
_ Management. 


These are essential resources 
for high performance system de- 
signers, because nobody delivers 


1-800-387-7599 In Canada, G2) 2-672-2220 In Europe. 

_ Cypress Semiconductor, 3901 North First Street, San Jose, CA 95134, Phone: (408) 943-2666, Telex 821032 _ 
CYPRESS SNJUD, TWX 910-997-0753. ©1988 Cypress Semiconductor. SPARC is a trademark of Sun © 
Microsystems: Incorporated. 
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I should say from the start that every word of this editorial is copyrighted. 
If you dare to use one word of it, you may get sued. 

Of course, that’s a ridiculous position; a copyright doesn’t cover each 
word, only the expression of ideas. If you’re a programmer, however, the 
distinction between individual words and ideas blurs. So watch your lan- 
guage. 

Recently, Ashton-Tate, the developers of the popular dBase line of 
programs, filed suit against: two other software manufacturers. Ashton- 
Tate seeks to keep the other companies from using the dBase language’s 
commands and syntax as well as the structure of dBase programs. In fact, 
Ashton-Tate claims that it owns the dBase language and no one else may 
use it. 

Although the courts have tackled the issue of a program’s “look and 
feel,” they have yet to address who—if anyone—owns a language. When 
it comes to the dBase language, that issue will be difficult to sort out, 
because many companies have enhanced the language and have adopted 
other companies’ enhancements, too. You'll need a map to follow the 
Ashton-Tate case if it ever goes to trial. 

It’s a bad idea to draw boundaries around a language and claim it as 
your own. It’s difficult to imagine the damage that might have been done 
if Dartmouth College had claimed ownership of the Basic language, which 
was developed there in the 60s. I doubt that we’d have had the explosive 
growth in the small-computer industry that we saw in the late 70s and 
early 80s. For example, if Dartmouth had claimed ownership of the 
IF...THEN... ELSE statement, we’d now have to seek alternate 
implementations if we wanted to develop our own version of Basic. Perhaps 
WHEN... DO... OTHERWISE would do the trick. 

Instead of closing languages to outside innovations and enhancements 
by assigning ownership to one company or person, we should strive to 
keep them open. Companies such as Ashton-Tate will complain that open- 
ing a language to everyone robs them of a return on their R&D invest- 
ments. That might appear to be true, but even when a language results 
from a commercial venture rather than from government or academic 
research, openness benefits everyone. Companies should spend money 
keeping ahead of the competition, not suing it. 

Open languages breed competition, and competition yields better prod- 
ucts and satisfied customers—for both the originators and the enhancers. 
Except for operating systems, which are tied closely to computer architec- 
tures, I can’t think of any widespread and successful proprietary lan- 
guages. The most widespread and successful languages—such as Pascal, 
Basic, and Fortran—are all open and ready for your extensions and adapta- 
tions. Even in the OS realm, many companies offer add-on and enhance- 
ment products. 

I don’t advocate letting programmers plagiarize the instruction-by- 
instruction implementation of a language’s commands and statements. But 
in the case of a language’s actual words, commands, and syntax, it should 
be a free-for-all. Modern languages wouldn’t be very far along today if 
everyone who added a word copyrighted it and strove to protect the 


copyright. Computer languages should be open, too. 


Jon Titus 


Editor 
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A World First - for electronics 
industry designers. 


Great resources are always brought to bear 
on the production of integrated circuits and 
other “intelligent” components. Well its 
our job, at Ericsson to see to it that the so- 
lutions in the resistor area keep in step. For 
this reason we work on producing smart 
solutions in terms of resistors. We call these 
Erisistor resistor networks. 

Erisistor is more than a component, its 
a PC-based system where you can specify, 
design, order and let manufacture resistor 
network solutions combining the economy 
of discrete resistors with the flexibility of 
fully customized solutions. 


the irresistable resistor 


RICSSON 


Ericsson Components AB 
P.O. Box 78 


S-563 00 Granna 
SWEDEN 
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Be An Author! 


When you write for EDN, you earn professional recognition. And you earn $75 
per published magazine page. 


EDN publishes how-to design application information that is read by more than 
137.300 electronics engineers and engineering managers worldwide. That’s an 
audience that could belong to you. 


If you have an appropriate article idea, send your proposal and outline to: 
John Haystead, 275 Washington Street, Newton, MA 02158-1650. 


For a FREE EDN Writer’s Guide—which includes tips on how to write for EDN 


and other technical publications—please circle number 800 on the Information 
Retrieval Service Card. 


First in Readership among Design Engineers and 
Engineering Managers in Electronics. 


IDT Puts Technol - 


You can count on us 


If you're designing high-performance computer systems, count on IDT to put the latest 
technology in your hands. 


We've been your source for high-performance CMOS solutions for years. We’ve 
developed and refined our world class CEMOS™ process, manufacturing leader-_ 
ship products such as fast static RAMs, FIFOs, dual-port memories and logic 4 
devices that give your systems better performance, functionality, density 4. 
and reliability. IDT ships the most widely used organizations and 
output configurations for 16K, 64K and 256K static RAMs available 
today. IDT defined the defacto FIFO industry standards in every 
density and performance level for the last five years. IDT 
pioneered the dual-port memory market and offers every 

density, organization and speed available to solve your 
multi-processor communication needs today. And, by 
using our high-performance CEMOS technology, 
we developed the world’s fastest high-drive 
bus interface “FCT” logic family. 


RISC technology you can 


use today 
Now we're making our debut in the main- 
stream microprocessor business with 
our new R3000 RISC processor. The 
R3000 gives you a full 20 mips of 
sustained performance — the 
fastest available anywhere. 
And it’s available in production 
today in a second generation 
design that’s already field- 
proven. Based on the MIPS Computer _ 
Systems architecture, it is supported by .¢ 
MIPS’ optimizing compilers and a - 
complete set of hardware and 
software development tools. 


Ma. 
. 


High-performance system 


building blocks 


IDT has always helped you solve your 
system integration needs with our family of high- 
performance system building blocks. We are continuously invent- 

ing new building block functions that increase the system performance of 
your end equipment. We put the technology you need to build leading-edge 
systems in your hands today by offering functionality that does not exist in 


other solutions. So whether you need fast static RAMs, FIFOs, dual-port | 

memories, FCT logic, subsystem modules, data conversion devices or our Integr ated 

new R3000 RISC processor, count on IDT to supply you with the military and , 

commercial products that meet your needs. Device Tech nology 
Reach out and touch the future a 

For your copy of our Corporate Product Selector Guide and our RISC Goat me ara. CA 95052-8015 
Microprocessor Brochure, call our hotline today at (408) 492-8225. Let us put Tel. (408) 727-6116 

a part of the future in your hands. FAX (408) 988-3029 


CEMOS is a trademark of IDT. CIRCLE NO 111 
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Users find that 
CASE tools may 
not shorten your 

development 
time—but for 
large projects, they 
reduce both the 
number of errors 
and the burden of 
documentation. 


Chris Terry, 
Associate Editor 
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CASE demands much 


but gives high returns 


n any discussion of CASE (com- 
puter-aided software engineer- 
ing) methods and tools, you’re 
likely to hear somebody say: 
“.. of course, CASE is still in 
its infancy....” That statement is a 
half-truth, and you shouldn’t let it stop 
you from seriously exploring and using 
CASE tools and methodologies. It’s true 
that the tools are young—although the 
methodologies go back 20 years, actual 
CASE tools have been available for only 
about seven years. However, the meth- 
ods underlying those tools work because 
they improve the three Cs of good de- 
sign: communication (between designers 
and customers, and between the mem- 
bers of the programming team), consis- 
tency (of approach and nomenclature), 
and completeness (no inputs or events 
are overlooked, no processing require- 
ment is omitted). 

For detailed information about the 


needs of CASE-tool users and how well 
the tools serve those needs, you can con- 
sult the study published by Strategic 
Focus (Ref 1). (A brief summary of the 
study appeared in EDN, August 4, 
1988, pg 267). In a more informal at- 
tempt to balance users’ experiences 
against vendors’ claims, I spoke with 
several senior software engineers and 
managers responsible for large projects. 
They described large projects as pro- 
jects that require 10 man/months or 
have at least 500,000 lines of executable 
code. 

All the engineers and managers I 
spoke to agreed that a CASE tool is not 
an instant panacea that will solve all 


Elizabeth Stubbs 
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Macro performance 
In a MICro size 


Signetics 83/87C751 
microcontroller—the performance 


of an 80C51 packed into a 24-pin 
skinny DIP or SMD 28-pin PLCC. 


Designed around the 80C51 architecture, our new 
83/87C751s let you use your existing instruction set 
and code to gain the enormous benefits of a smaller 
package at a smaller price. 


A lot of guts in a little package. Its 16 MHz operation 
means you don’t have to sacrifice performance. You'll 
appreciate the convenience of EPROMs in UV or OTP. 
Coupled with the flexibility of an I?C serial bus port. And 
the efficiency of an 8-bit architecture backed by a complete 
Signetics development system. 


Think of it. Increase the power of your 4-bit applications. 
Or replace your logic blocks. Or lighten your handheld 
designs. All while decreasing system costs. 


Call us for a free ’751 Microcontroller Information 
Packet at (800) 227-1817, ext 991D. For surface mount 
requirements and military product availability, contact 
your local Signetics sales office. 


One standard. () defects. 


signetics 


a division of North American Philips Corporation 


PHILIPS 
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CASE and its users 


your design problems, shorten your 
development time, and write your 
documentation for you at the touch 
of a key. Rather, it’s a tool that 
automates much of the grunt work 
of achieving completeness and con- 
sistency in your design and docu- 
mentation. The price is the time and 
effort you expend in picking the 
best tool for your application and 
then learning how to use the tool 
effectively. 

A CASE tool demands much from 
you, and some analysts and pro- 
grammers complain that the disci- 
pline imposed by the tool (a “strait- 
jacket,” some claim) restricts or 
kills their creativity. Peter Craig, 
who has spent 25 years in software 
development and is now the presi- 
dent of Promod, a CASE-tool ven- 
dor, disagrees. “CASE and soft- 
ware-engineering methods work,” 
he says flatly. In all stages of his 
career, from individual programmer 
to manager of team leaders, he has 
found that CASE _ methods, 
whether manual or automated, 
make it much easier to deliver code 
that meets user/client expectations 
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without expensive reworking. He 
firmly believes that software-engi- 
neering methods embody what 
were called “good programming 
practices” in the old days, and that 
these practices encourage, rather 
than restrict, creativity. 

Mark Filteau, vice president of 
Information Systems at BDM (an 
aerospace company) confirms that 
CASE methods and tools work well 
for large projects. On the issue of 
creativity, he says: “Most people 
simply don’t realize the degree of 
discipline that is needed by large 
projects. You can achieve signifi- 
cant gains by using CASE tools that 
promote and enforce the discipline 
within the framework of a method- 
ology that suits your application. Of 
course you'll encounter resistance, 
because it’s bound to change the 
way people work.” The resistance 
to CASE, he says, follows a classic 
sequence of attitudes toward death 
or any major change: grief, denial, 
attempts to make a deal, and finally 
acceptance. 

Is such acceptance the end of all 
existence, or a passage to a higher 


You can break a problem down into succes- 
sively simpler components with Athena Sys- 
tems’s Foresight. You see the “big picture” 
in the foreground as a frame of reference for 
the graphical depiction of data flows and 
processes in the background. 


plane? Mark’s view is that it’s 
both—it’s the end of overinflated 
egos, he says, with the probability 
of their rebirth as more mature per- 
sonalities who will, within the 
framework of the project, unleash 
their creativity and direct it toward 
creating an end product of far 
higher quality. 

Mark’s most recent experience 
with large CASE projects began 
when he took over a large project 
at BDM. The teams already work- 
ing on the project had access to In- 
dex Technology’s $8400 Excelerator 
and a variety of 286-based PCs, but 
did not use the program consis- 
tently. Mark provided 386-based 
PCs for all the teams, and began 
to enforce the use of the CASE tool. 
It took about six months to train 
all the teams to use the tool. During 
that time, the software engineers 
also explored the best means of us- 
ing their chosen methodology for 
specific projects. (Excelerator lets 
you chvose among several different 
CASE methodologies. Mark’s 
teams chose the Yourdon-DeMarco 
methodology with real-time exten- 
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sions.) Over the following two 
years, during which the teams used 
the CASE tool consistently, the er- 
rors found by independent testing 
bodies decreased linearly with time, 
from eight errors per 1000 lines of 
executable code to less than one er- 
ror per 1000 lines. 

Mark also points out that one way 
of reducing software engineers’ re- 
sistance to the constraints imposed 
by the tool is to ask the team’s bit- 
terest CASE critics for advice 
about how to use the tool, and how 
to get around its deficiencies so it 
does what you want it to. Mark 
found that when they explored the 
CASE tool’s weaknesses, those 
team members became more famil- 
lar with the tool, and they also dis- 
covered its strengths. Many of the 
critics eventually changed their 
views about the value of the CASE 
methodology and learned to use the 
tool competently—some even with 
enthusiasm. 
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Carol Zagorsky is head of the 
Standards & Methodology Div of 
New York Life Insurance, where 
120 copies of Excelerator are in- 
stalled on IBM PC/ATs for software 
development. She, too, has found 
that it takes about six months of 
training—not only in the use of the 
tool itself, but also in the principles 
of the methodology and its integra- 
tion with house standards—before 
you begin to see any marked im- 
provement in software quality. Im- 
provement in productivity comes 
much later, when all your software- 
development teams are familiar 
with the tool and you’ve accumu- 
lated a backlog of designs from 
which you can extract portions that 
are relevant to new projects. 

The small amount of resistance 
Carol encountered from her soft- 
ware developers did not stem from 
objections to the tool itself, but 
rather from the difficulty of using 
structured-analysis and -design 
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techniques in a vacuum. In other 
words, the developers initially be- 
lieved that Excelerator was nothing 
more than a fancy drawing aid; they 
saw it as unrelated to the company’s 
actual needs. Realizing that the 
software engineers required guid- 
ance in using CASE for the com- 
pany’s specific projects, Carol and 
her group developed a complete 
standards-and-procedures guide. 
The guide was a “how to” manual 
specifically related to New York 
Life applications, and it included 
suitable naming conventions as well 
as detailed procedures for the stor- 
age and retrieval of the mainframe- 
resident project databases. Carol’s 
group now also provides hands-on 
seminars for the developers, and 
lends out experienced CASE users 
who can assist particular develop- 
ment teams as needed. 

In Carol’s experience, the consis- 
tent, guided use of CASE tools in 
24 major projects has greatly re- 
duced the problems of maintaining 
and enhancing the software prod- 
ucts. In the analysis and design 
phases, the CASE tools let you 
quickly accommodate changes in 
the requirements, and you can de- 
sign products for easy expansion 
and enhancement. In addition, the 
Customizer tool associated with Ex- 
celerator has made it possible to 
produce quality-control templates 
for the review of deliverable prod- 
ucts, indicating what you have to 
do to ensure that the design will 
be complete. Another benefit is just 
now starting to emerge after two 
years of archiving all the drawings 
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and data dictionaries. You can 
reuse complete data-flow diagrams 
(DF Ds), or portions of them, in new 
projects whose functions are similar 
to those of the projects for which 
the DFDs were originally pro- 
duced. 

Bob White and Michael James 
(not their real names; they both 
asked that they and their companies 
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The Software Backplane lets you integrate tools from many sources into a single environ- 
ment. The product, from Atherton Technology, adds facilities for configuration control and 
automated workflow. 
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Or send your name and 
address to Gazelle, Dept. C, 
2300 Owen St., Santa Clara, 
CA 95054. 


GAZELLE’S NEW HIGH-PERFORMANCE LOGIC DEVICES 


Breakneck Performance at Breakthrough Prices 


There’s a race going on. The goal is a 20 MIPS system. The 
qualifying requirement is a 30 ns cycle time. 

So far, the front-runners have one clear advantage in 
common: Gazelle’s GA22VP10. 

There’s a good reason. 

You can’t support a 30 ns cycle time any other way. 


No other user- 
configurable support 
logic can compete with a 
setup time (t,) of 3 ns and 
a clock to out time (t,,,) of 
6 ns. 

No other can run at 
110 MHz. 

And no other can accelerate a SPARC™ chip like the 
GA22VP10. It’s simply the flat-out fastest in the industry. 
And the fastest track to market. | 

As a superset of our industry standard GA22V10, the 
GA22VP10 offers additional I/O flexibility and an even 
lower cost. Along with all of the other advantages of 
our TTL-compatible GaAs chips: speed, affordability, 
availability and 100% pin and function silicon compatibility. 

The Gazelle GA22VP10. It’s not just the fastest way 
through a 20 MIPS system design. It’s the only way. 


Volume 

Performance Price 
7.5ns |3.0ns/6.0ns| 110MHz $35 
10.0ns |3.6ns|7.5ns}| 9O0MHz $29 


G VP10-7 
GA22VP 10-10 


SPARC is a trademark of Sun Microsystems, Inc. Gazelle is a trademark of Gazelle Microcircuits, Inc. © 1988 Gazelle Microcircuits, Inc. All rights reserved. 
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not be identified) are involved in 
aerospace-related projects and are 
responsible for the corporate 
CASE-tool effort. They point out 
that there’s no methodology that’s 
completely suited to all types of ap- 
plications; each is strong in some 
areas and weak in others. Also, 
some of their customers mandate 
the use of a particular methodology, 
whereas others prefer to ask the 
software developers how they’d 
prefer to approach the problem, and 
then discuss the suggested ap- 
proach until they and the develop- 
ers reach agreement. As a result, 
Bob and Michael find that their de- 
velopment teams must have access 
to (and be familiar with) a variety 
of tools that cover all the major 
methodologies in current use. 

Some (but not all) of the tools al- 
low you to use the methodology of 
your choice and even to switch nota- 
tions in mid-project. In such tools, 
the user interface and commands 
remain constant. That’s a big ad- 
vantage, because switching tools 
could mean switching to a different 
way of working, which would waste 
time and energy that you could oth- 
erwise spend on solving the prob- 
lem. One finding of the Strategic 
Focus study was that support for 
multiple methodologies ranked fifth 
in importance in 1987, but is pro- 
jected to rank fifteenth in 1991. 
Such a projection indicates that this 
feature will be standard by 1991, 
so it’s not likely to be a big factor 
in any purchasing decision. 

Bob points out that there are 
very few CASE tools that take you 
all the way from the most abstract 
design concepts to usable code. 
Most of the tools require a manual 
transform partway through the de- 
velopment cycle, and this disconti- 
nuity requires you to shift mental 
gears. What the tools help you to 
do, he says, is to take various views 
of the software objects you're try- 
ing to create, and to specify more 


12 


and more information about those 
objects as you get different informa- 
tion from the different views. “As 
you make the switch from struc- 
tured analysis, say, to the struc- 
tured-design modules, that’s a ma- 
jor manual transform that is very 
labor-intensive,” Bob says. “You 
certainly get a different view of the 
problem, but is the cost of the solu- 
tion worth the value of the results? 
That’s something you can only de- 
cide from your experience.” 


Government vs commercial work 


Bob, who has worked in the com- 
mercial sector as well as the aero- 
space industry, points out that 
there’s a big difference in what the 
word “requirements” means to the 


two sectors. ““When a software 


house is trying to come up with a 


new product, it all too often means 
that engineering and marketing get 
together in a big room, and who- 
ever Shouts loudest determines the 
requirements. Then engineering 
goes away and prepares a spec, 
which probably only one or two peo- 
ple look at. The final code will prob- 
ably be close to the spec, but if it 
matches the real requirements, 
that’s quite a surprise. In the aero- 
space industry, however, there are 
two fundamental requirements: 
You must deliver a product that 
meets all of the customer’s require- 
ments, and you must not deliver 
any module that does not meet any 
of the customer’s requirements. 
This is the real value of the front- 


end CASE tools; you may have 
thousands of initial and derived re- 
quirements, all of which have to be 
tracked through various versions of 
the system, and this is what the 
tools are good at.” 

Both Bob and Michael emphasize 
that all of the CASE tools available 
have three major components: a 
user interface, which may be no 
more than a command-line facility; 
a data repository which may be one- 
way (such as a compiler) or two- 
way; and some transform process. 
Currently, however, each CASE 
tool’s user interface is not only dif- 
ferent from all the others, but in- 
compatible with them, especially 
when it comes to graphics inter- 
faces. Bob and Michael believe, 
however, that the resulting chaos 
will disappear when graphics inter- 
faces (such as X-Windows) evolve 
to the point where there is a univer- 
sally acceptable standard. 


The evolution has already started 


Some large companies are now 
starting to install unifying tools that 
operate at the network level, such 
as the Sun Microsystems NSE 
(Network Software Environment) 
and Atherton Technology’s Soft- 
ware Backplane. These tools are 
aimed at providing a consistent user 
interface (X-Windows) and object- 
oriented data storage for all the 
data related to a given project, in- 
cluding data generated by a wide 
variety of software-development 
tools. 

Jon Squire, section manager of 
software development at Westing- 
house, says that his company finds 
the Software Backplane’s object- 
storage manager invaluable in ac- 
commodating data generated by a 
very wide variety of CASE tools 
and other development tools, many 
of which are not directly compatible 
with each other. Jon is engaged in 
a constant search for development 
tools that can handle very large pro- 
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THE FASTEST 
WAY TO GET 
THEJOB DONE 
ISTONOT 
HAVE TODO 
IT OVER AGAIN. 


Seat-of-the-pants 
guesswork and intuition 
seem to be the major & 
tools in debugging 
386" microprocessor 
designs. 

But when you guess 
wrong, you have to start over again. 
And again. And again. 

With Intel's new 386 emulator, you 
can quit guessing, and get on with it. 
Our exclusive technology, combined 


with the full symbolics of our compilers, 


give you a more accurate look into the 
mysteries of your 386 microprocessor. 
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And the non-intrusive 
emulation to 25 MHz and 

’ versatile bus event recognition 
make short work of uncovering 
complex bugs. 

Our 386 emulator also supports all 
386 operating modes, so you can finally 
use the full potential of the Intel 386 
microprocessor. 

Quick. Call 1-800-548-4725 
(Dept. BAO) for more information. 

Before you have to start over again. 


intel 
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jects. “We buy a lot of tools,” he 
says, “and develop some of our own. 
We’re finding that there are plenty 
of point solutions—tools which are 
suitable for a particular type or size 
of application, but generate data 
that we can’t directly use in other 
tools, or which run out of power 
when the project gets very large. 
We need the flexibility to try out 
many tools and to make them work 
together.” Jon also points out that 
many CASE tools make it difficult 
for you to change naming 
conventions when a project is al- 
ready underway and the diagrams 
and specifications are already in the 
database. The object-oriented data 
repository helps to solve this kind 
of problem. 


CASE helps with documentation 


CASE tools can also help you pre- 
pare complex documentation for 
your projects. When you design 
software systems for government 
agencies, for example, the burden 
of documentation becomes not just 
significant, but almost overwhelm- 
ing. DoD-STD-2167 demands many 
different documents and a great 
deal of cross-referencing between 


them. Most CASE tools can provide 
many kinds of reports, but they 
can’t satisfy all of the DoD-STD- 
2167 requirements. Thus, there’s a 
great deal of pressure from users 
for the creation of easy links be- 
tween CASE tools and documenta- 
tion tools. Context (from Context 
Corp), for example, a highly sophis- 
ticated documentation tool, pro- 
vides a link that can request 
Cadre’s TeamWork or Teledyne 
Brown’s Tags to provide text, 
specifications, or graphics in print- 
image form. Context can then con- 
vert the print to its own internal- 
storage form for processing. Con- 
text runs on Apollo Domain work- 
stations. Prices start at $16,900 for 
a basic documentation-management 
workstation; the many optional 
packages can add considerably to 
this price. 

If you use Excelerator, you have 
other possibilities. Mark Filteau’s 
group has used the $12,500 Custo- 
mizer option to create a link be- 
tween Excelerator and the Ventura 
desktop-publishing package that 
the group already owned. The link 
has proved highly successful. Says 
Mark: “CASE vendors don’t like to 


For more information . _. 


hear this, but by far the biggest 
productivity gain (as much as 30%) 
comes from an interface to a good 
documentation system—and it’s im- 
mediate. From the CASE tools 
alone, you see quality improvement 
quickly, but productivity gains only 
appear when everyone is familiar 
with the tools, and they’re not on 
the same scale as the gains from 
the documentation tools.” 

Bob White points out that you 
can also obtain the CASE/documen- 
tation link via the Software 
Backplane, especially with such 
tools as IDE’s Software Through 
Pictures, which has a completely 
open architecture. “The bad news,” 
he says, “is that to adapt your tools 
to a standard data repository like 
that of the Software Backplane is 
a lot of work, and a lot of risk. The 
CASE vendors aren’t going to put 
that work in until some sort of stan- 
dard begins to evolve. Once there’s 
some sort of standard, a vendor can 
say, ‘If I interface to this standard 
there’s a probability that other folks 
will too, and that’ll give me some 
leverage, and make the risk worth- 
while.’ Then there'll be some move- 
ment forward—but I don’t see that 
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Now! Finding the prototyping tools 
you need is easier than ever. Vector 
Electronic Company announces its 
all-new, full-line Vectorbord® Catalog 
#109. All the products that have made 
Vectorbord?® the first name in proto- 
typing—under one cover for the first 
time! 

Extensive cross referencing directs 
you from prototyping boards to socket 
pins and terminals to backplanes and 
extenders to subracks and enclosures. 

With over 1,500 large, clear photos, 
an easy-to-use selector guide, and 
complete specifications tables. Proto- 
typing has never been so quick and 
easy. 

Send us your request on your com- 
pany letterhead for your free copy of 
Vectorbord® Catalog #109. 


VECTOR | 


ELECTRONIC COMPANY 


12460 Gladstone Avenue 
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kind of standard happening until 
the hardware vendors step up to 
it.” 

The established CASE tools have 
made a lot of evolutionary progress, 
but show no startling develop- 
ments. The established tools fall 
into a few general classes: front-end 
tools for requirements analysis and 
more detailed software-module de- 
sign (including real-time interac- 
tions); back-end tools such as com- 
pilers, syntax checkers, configura- 
tion- and version-contro! tools, and 
reverse-engineering tools; and a 
rather hazy middle ground of frame 
generators and full-code genera- 
tors. Previous EDN articles have 
described these classes in consider- 
able detail (Refs 2, 3, and 4). 

An interesting new development, 
however, is the appearance of two 
simulators to enhance the CASE ar- 
mamentarium. Both products—i- 
Logix’s Statemate and Athena Sys- 
tems’ Foresight—allow you to de- 
fine a model of the system you’re 
designing in terms that are precise 
enough for the computer to under- 
stand and execute. You can run the 
simulation interactively and watch 
the highlighted flow of data and 
control events on the screen; or you 
can run the simulation as a batch 
job that will generate whatever re- 
ports you need. 

Statemate runs on Sun, Apollo, 
and MicroVAX machines. A basic 
module costs $10,000, and a fully 
configured seat with all four mod- 
ules costs $75,000, regardless of the 
host architecture. Statemate gives 
you three different views—behav- 
ioral, functional, and structural—of 
a reactive, real-time system. It in- 
cludes validation procedures, and it 
lets you control the simulation in- 
teractively. Statemate is intended 
primarily for the design of embed- 
ded systems. However, Westing- 
house’s Jon Squire says that the 
people in his company who develop 
transaction-driven business applica- 


tions find it very valuable for me- 
dium-size projects (they say it tends 
to bog down, though, when the pro- 
ject size exceeds 150,000 lines). 
Foresight, which Athena Sys- 
tems announced in October 1988, 
currently runs on Sun workstations 
under Unix and costs $23,000 per 
user for a license that allows as 
many as 10 users. The program was 
created specifically to aid in the de- 
sign of real-time embedded sys- 
tems, and is based on the Execut- 
able Structured Modeling (ESM) 
techniques that Athena developed 
as an extension of the well-known 
real-time structured-analysis meth- 
ods. Foresight comes with a graph- 
ics editor for creating specification 
diagrams and building a model; an 
executable library of basic real-time 
functions; tools that let you create 
custom library elements; an ana- 
lyzer that checks your model for 
completeness and consistency; and 
an interactive, discrete-event simu- 
lator that checks the functional and 
timing behavior of your model un- 
der various conditions. 
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sorry, no checks 
for Intel ICE. 


> Supports the new 16 MHz 80C186 and 80C188 as well as other Intel CPUs 
at full speeds with no wait states 


P VALIDATE/Soft-Scope is a complete in-circuit source level debugger that 


shows variables, data structures and assembly instructions 


. P VALIDATE/Soft-Scope has in-circuit source level debug capability in 


286 protect mode 


P Tool chain supports Microsoft C 


(Also other versions of C and Pascal, FORTRAN, PL/M, Assembler, Jovial) 


> Add processor support by merely adding emulator board and probe module 


> Has unlimited breakpoint capability 


P Over a megabyte of overlay memoyy is available 


Just because you've bought one 
of those great Intel chips is no reason 
to buy Intel development tools. 

Why? Because Applied 
Microsystems is better. That’s a fact. 
Our checklist proves it. 

Intel chips are state-of-the-art, 
but their development tools aren't. 
Compared to ours, Intel’s ICE is lim- 
ited, slow and awkward. 

If you want to design, debug 
and integrate your target system faster, 
easier and more completely, you need 
to turn to Applied Microsystems. It’s 
the only comprehensive solution in 
the business. Which includes not only 
the most complete and most reliable 


In Europe contact Applied Microsystems Corporation Ltd., Chiltern Court, High Street, Wendover, Aylesbury, Bucks, HP22 6EP, United Kingdom. 


Call 44+0)-296-625462. 


In Japan contact Applied Microsystems Japan, Ltd., Nihon Seimei Nishi-Gotanda Building, 7-24-5 Nishi-Gotanda Shinagawa-K U, Tokyo T 141 Japan. 


Call 03-493-0770. 
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(800) 426-3925. (In Washington 
(206) 882-2000.) Or write Applied 
Microsystems Corporation, P O. Box 
97002, Redmond, Washington, USA 
98073-9702. 


tool chain, but also all the help you 
need from our field applications engi- 
neers and sales engineers. 

What's more, we keep adding 
more checks to our list. Like dynamic 
trace that lets you review performance 
while the target is still running. And 
we use an SCSI interface that down- 
loads code at disk speeds 20 times 
faster than RS232 connections. We 
offer performance measurement 
capability without making you spend 
an extra $10,000. 

As you can plainly see, there's 
only one development environment 
really worth checking out. 

To find out more, call toll free 


‘ih 


Applied 
Microsystems 
Corporation 
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Everybody knows that our intro- __real fime integration of CAE, CAD, 
duction of the first 100% autorouting and CAM for printed-circuit boards. 
system was an overnight success. And its only a hint of things to come. 

What everybody doesnt know is To learn more about what we've 
that we immediately went back to —_— been up to, give us a call at (714) 
work. Burning the midnight tungsten 863-1700. Even if it's after normal 
to create the next leap in technology. quitting time. Because, around here, 


Calay’s newest soft- ses theres no such thing as 
ware, Prisma. The first | = CALAY normal quitting time. 
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Super E - line NPN and PNP 
both Darlington and high voltage 


Plessey Semiconductors has it all. 
High-end, low-end and in-between, , 
Plessey runs broad and deep. From , 
Mosfet transistors to digital signal 
and image processors. From 16,000 
gate ECL arrays to 110,000 gate 55 560 gate MEGACELL' 
CMOS arrays. 
From micro-amp mixed analog/digital arrays 
to wideband 100 plus MHz analog arrays. 
We have world-class Facilities, like our class 
10 FAB at Roborough, capable of sub-micron on 6 
wafers. Sophisticated products like our new 1.2 
GHz family of ECL arrays. Simple but vital pro- 
ducts like the Super E-line in a TO92 package. 
High speed? Of course. Low power? Yes. 
High voltage/low voltage? Whichever you want. 
Discrete components? Yes. Standard products 
'to go '? Absolutely. 


1.5 uM standard cell CMOS 


Semi-Custom ASICs? More than any- 
one else —We're Number 1 for ASICs. 

And how did Plessey get a product 
line so broad and deep? By spending 

more than the industry average on R&D. 

By concentrating world-wide efforts and 
resources on perfecting process technology 
for ASICs, high speed and mixed signal Bipolar, 
CMOS and more. By having and taking a global 
view and by recognizing that everything is poss- 
ble once you know your ASICs. 

We'll send you our free full color 72 - page short- 
form brochure " Silicon technology is our business ", 
or if you already know the products you need and 
just want more information: in North America call: 

1 - 800- 441 - 5665 or outside North America call 
44-793-726666. Plessey Semiconductors. For every- 
thing ... from basics to ASICs. 
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PLESSEY Semiconductors Offices located in: Australia, Austria, Belgium, Canada, Denmark, Finland, France, Greece, Malaysia, New Zealand, Hong Kong, Italy, India, Japan, Korea, Netherlands, Norway, Scandinavia, Singapore, South 
East Asia, Spain, Sweden, Taiwan, Turkey, United Kingdom, United States, West Germany, Plessey MEGACELL, PLESSEY and the Plessey symbol are trademarks of the Plessey Company pic. 
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op amps that are 
also easier to use. 
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CHOPPER-STABILIZED OP AMPS 


Improvements make 
precision amps easier 


hopper-stabilized op amps of- 
fer extremely low input offset 
voltages (Vos) and have vir- 
tually no offset-voltage drift 
over time or temperature. 
Until recently, however, these op amps 
exhibited excessive clock noise and long 
overload recovery times; in addition, 
they all required external holding 
capacitors. Over the past 18 months, 
various op amps have appeared that 
solve those problems, making it easier 
to build high-precision circuits that use 
chopper-stabilized devices. 

Low offset-voltage drift 1s probably 
the most attractive characteristic of 
chopper-stabilized op amps. Applica- 
tions that take advantage of this feature 
include strain-gauge amplifiers, thermo- 
couple amplifiers, and precision data col- 
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OUTPUT 


lection in environments where periodic 
adjustments are either impractical or 
impossible. Most often these appli- 
cations involve low frequency signals 
(less than 10 Hz). 


Self-correcting offset 


Fig 1 shows the basic operation of a 
chopper-stabilized op amp. The device 
consists of a clock generator, a main and 
a nulling amplifier, and two holding ca- 
pacitors, which can be either internal 
or external. The main amplifier has 
fixed connections to the input and out- 
put pins. 

The nulling amplifier alternately per- 
forms two tasks: First, it uses a holding 
capacitor (C,) to store a correction for 
its own offset, which is measured while 
the amp’s input pins are shorted. The 
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Fig 1—The nulling amplifier first corrects itself (a) by using its output signal with its input lines 
shorted. The signal is stored in holding capacitor C1, which is connected to the null input of the nulling 
amplifier. The nulling amp then corrects the main amp (b) by measuring the input signal. The correction 
is stored in holding capacitor C2, which is connected to the null input of the main amplifier. 
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| MICRO POWER SYSTEMS 


MORE ADC FLASH, ie: 


0820, MP7682, MP7683, MP7684, MP7685, MP 
7688, MP7690, MP7783, MPO0820, MP7682, MP 


icro Power Systems—the USAs Micro Power offers 


leading supplier of CMOS flash more flash ADC’s 


converters —has extended its ADC to fit your applica- 
flash product line to now offer you a tion needs: 
broader selection than ever before. Broadcast 
Our 6 to 11 bit converters offer: m@ Time base 
CMOS Technology for low power correction and 
consumption and high reliability apart . 
™@ More Surface Mount Package sti eee 
Options (SO, PLCC and LCC) than Data Acquisition 
anyone @ Environmental control 
@ Lowest differential non-linearity for li Process control 
ee Computer Computer Peripherals 
. ; m FAX Disk drive 
@ High Speed Processing to 11 bits 
@ Scanner Tape drive 
with no offset or drift { 
Medical 
The Industry’s proacert se of Piss ADC’s Ultrasound imaging 


Micro Power Systems is the company 
that pioneered CMOS flash convert- 
ers. We support our products with 
technical seminars, application assis- 
tance and an application engineering 
hotline. To find out more about the 
broadest line of 


CMOS flash con- 
Micro Power System ’s flash ADC's verters available, 
accommodate any board design and phone (408 
are TTL compatible. Their single sup- | 562-3615 or circle 
ply operation simplifies design. Our the reader service 
flash converters can also provide pin card number 
compatibility, bit resolution, no miss- = below. Or write us ™ 
ing codes, sampling rates to 30 MHz at 3151 Jay St., Santa 
and full power bandwidths. Clara, CA 95054. 


MICRO POWER SYSTEMS 
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Chopper-stabilized op amps 


nulling amp then measures the off- 
set of the main amplifier and stores 
a correction voltage in another ca- 
pacitor (Cg). The amplifier alter- 
nates between these tasks at the 
rate of the clock. 

Because the op amp is constantly 
correcting its offset, offset voltages 
are low, and drift is virtually nonex- 
istent. The Intersil ICL7650S has 
specifications typical of those 
achieved using chopper stabiliza- 
tion. This device has a maximum 
Vos of 5 pV and an input bias cur- 
rent of 10 pA at 25°C. Its offset 
drift averages 0.02 wV/°C within 
the range of — 25°C to 85°C and its 
long-term drift stability is 100 nV/ 
Vmonth. Its noise specification is 
2 »V p-p (de to 10 Hz). Manufactur- 


The MAX430 has chip capacitors bonded 
to the lead frame. It operates at [+/-]15V 
and can directly replace the LM108, pA741, 
or OP-07 in many applications without re- 


ers do point out that the data-sheet 
numbers for chopper-stabilized op 
amps actually represent the limits 
of test capabilities, not the real— 
and in fact better—performance of 


the devices themselves (see box, 
“Good thermal design minimizes 
drift”). You can order the ICL7650S 
in either an 8-pin or a 14-pin version 
for $1.99 and $2.70 (100), respec- 
tively. 


Built-in hold capacitors 


The ICL7650S requires external 
holding capacitors to operate, but 
a number of chopper-stabilized op 
amps have those capacitors built in. 
The Maxim MAX480 has 0.1-pF 
chip capacitors bonded to the lead 
frame within the device; it operates 
at +15V. These two features allow 
you to directly replace conventional 
LM108s or pA741s with MAX430s 
in many applications. In addition 
the MAX430 corrects its own offset 


Good thermal design minimizes drift | 


Specifications are only as good as the precision of 
the tests that define them. The manufacturers’ test- 
ing capabilities usually yield an offset-voltage drift 
specification of 0.05 .V/°C; actual performance is 
probably better. To get the best actual performance 
from these op amps, however, you should also pay 
close attention to the thermocouple effect. 

_ Any connection of dissimilar metals forms a ther- 
mocouple, producing an electric force that varies 
with temperature. Connectors, switches, resistors, 
and even copper wire can produce thermal EMF. 


NOTE: X =JUNCTION 


A junction between copper wire from two different 
manufacturers, for example, can generate as much 
as 0.2 pV/°C. The junction between a circuit-board 
trace and the Kovar wire used as package leads 
generates nearly 35 ~ V/°C—700 times that of a typi- 
cal drift specification. 

Because of thermal EMF, it’s good practice to 
minimize the number of junctions in the amplifier’s 
input signal path. You could, for example, attach 
the sensors directly to the circuit board rather than 
go through a connector. When connectors, sockets, 
or switches are necessary, you should select them 
for their low thermal EMF. 

Balancing the type and number of junctions in the 
input path helps reduce thermal errors by providing 
differential cancelation. This technique may require 
you to introduce normally unnecessary junctions to 
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Fig A—Resistor R, brings the input circuits into thermal bal- 
ance. Both input pins see the same type and number of potential 
thermocouple junctions. 


offset unavoidable ones. An example of this is shown 
in Fig A, where resistor R4 has been added to oo 
mally balance Rj. 

If temperature changes across the input circuit | 
the amplifier sees thermal errors, even with bal- 


anced junctions. A 1°C shift across a metal-film resis- 


tor produces 20 wV of thermal EMF. 

For good thermal design, you should also keep 
heat sources such as power transistors several 
inches away from an amplifier circuit and avoid air 
flow over the amplifier area. You may also need to 
enclose the amplifier and associated components in 
some form of thermal baffle to reduce the effect of 
air currents. 
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voltage, so you don’t have to make 
manual adjustments or use trim- 
ming resistors. The MAX4380 costs 
$5.65 (100). 

The Teledyne TSC901 Series also 
features built-in capacitors, which 
are integrated with the circuit in 
silicon. Because the capacitors are 
small—typically 100 pF—the noise 
specifications of the TSC901 are 
somewhat greater than average. 
The device has a Vog of 15 pV and 
an input noise voltage of 5 wV p-p 
(de to 10 Hz). (The MAX430, in 
comparison, has an input noise volt- 
age of 1.1 wV p-p, de to 10 Hz.) 
The TSC901 Series are avaliable in 
single-, double-, and quad-amplifier 
packages, which cost $2.36, $3.94, 
and $10.80 (100), respectively. 

The LTC1050 from Linear Tech- 
nology Corp also has on-chip capaci- 
tors, but has managed to solve the 
noise problems usually associated 
with small holding capacitors. The 
manufacturer specifies input noise 
at 1.6 pV p-p (de to 10 Hz); the 
long-term offset-voltage drift is 50 
nV/Vmonth. The LTC1050 costs 
$2.25 (100). 

For amplifiers that don’t have 
built-in capacitors, such as the In- 
tersil 7650S and the 420 Series from 
Intersil and Maxim, you must select 
the hold capacitors carefully. Noise 
really isn’t the critical issue; any 
low-leakage capacitor is adequate in 
this regard. But settling time is an 
issue; capacitors with a high dielec- 
tric absorption, such as ceramic ca- 
pacitors, can take several seconds 
to settle after power is first applied. 
Therefore you should use Mylar or 
polypropylene capacitors if you 
need fast initial settling. 


Overload recovery is long 


Long overload recovery times 
have plagued chopper-stabilized op 
amps in the past. If the main ampli- 
fier is driven to saturation, the 
nulling amplifier sees an imbalance 
at the main amplifier’s input termi- 
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These chopper-stabilized amplifiers from Intersil feature a typical offset voltage of 1 pV, 


offset drift of 0.02 pV/°C, and [+/-]15V operation. The 14-pin versions also offer clamp 


circuitry and external clock controls. 


nals and tries to correct that imbal- 
ance in the same way that it cor- 
rects an offset error. As a result, 
both amplifiers drive to the rail, and 
the holding capacitors acquire ex- 
cessive charges. Because the 
nulling amp can only make small 
corrections, it takes a long time to 
reduce those charges once the over- 
load is removed. 

Although an overload recovery 
time can last several seconds, the 


Fig 2—Many chopper-stabilized op amps 
use this clamping circuit. It prevents the op 
amp from reaching the saturation point dur- 
ing an overload. 


typical time required for a chopper- 
stabilized op amp is something 
longer than 100 msec, which is un- 
acceptable in many applications. 
The LTC1050 has faster recovery 
times: 1.5 and 8 msec for positive 
and negative saturation, respec- 
tively. But even those recovery 
times are slow in comparison to con- 
ventional op amps, which usually 
recover from overloads in less than 
10 psec. 

To avoid the recovery-time prob- 
lem, many chopper-stabilized op 
amps offer clamp circuits that you 
can use to prevent the amplifier 
from reaching the saturation point 
during an overload. Maxim’s 
MAX421/423, Intersil’s ICL7650S8, 
and Linear Technology’s LTC1052 
all have circuits similar to Fig 2. 
When Vout approaches either rail, 
the appropriate clamp transistor 
begins conducting. If you connect 
the clamp pin to the amplifier’s in- 
verting input pin, you put that tran- 
sistor in parallel with the gain resis- 
tor. As the transistor conducts, it 
reduces the gain of the amplifier, 
thus preventing saturation. 
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. You can get any type of aluminum electrolytic capacitor that you 
: need for all your applications from Sprague, the only U.S. based 
- ,’ manufacturer of a complete line of high-performance 
aluminums. Whether it’s axial-lead or single- -ended miniature 
tubulars or large cans packed with capacitance, 
Sprague has the aluminum cap that'll meet your 
| requirements. If you need radial or axial-lead 
' muniatures for general purpose, 
power supply, special applications, or 
high-reliability military applications, 
we ve got the capacitor you need. We offer all types of large cans for high-voltage SMPS input applications and 
low- voltage SMPS output use. And the best news of all...we can deliver fast because our aluminum cap line is 
available from Sprague plants in Lansing, NC and Hillsville, VA. For technical information, 
write for our new “Quick Guide To Aluminum Electrolytic Capacitors”, ASP-502E, to 
Technical Literature Service, Sprague Electric Company, 
P.O. Box 9102, Mansfield, MA 02048-9102. CIRCLE NO 85 
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The LTC1050 chopper-stabilized op amp of- 
fers built-in capacitors and an input noise 
specification of 1.6 wV p-p. The part also 
allows you to use an external clock to set the 
chopping frequency. 


But using the clamp has two 
drawbacks. First, the available out- 
put range of the amplifier is re- 
duced by as much as 1V from each 
rail. Second, the leakage of the 
clamp transistors shows up as addi- 
tional bias current at the input and 
thus reduces accuracy. Typical leak- 
age currents range from 1 to 10 pA. 

The sampling techniques that 
chopper-stabilized op amps use to 
eliminate drift can result in inter- 
modulation as well as clock noise. 
Interaction between the input sig- 
nals and the clock can generate in- 
termodulation products in the form 
of sum and difference signals. If the 
input signal’s frequency is close to 
the rate of the clock, the difference 
product shows up as additional off- 
set error. You can eliminate this er- 
ror by filtering the input signal to 
keep its frequency range well below 
the sampling clock frequency; the 
clock frequency is typically in the 
range of 300 to 600 Hz (although 
the LTC1050’s frequency is 2.5 kHz 
typ). Filtering also allows you to 
reduce clock noise; you can do this 
by restricting the amplifier’s band- 
width or by filtering the output. 

If, on the other hand, your appli- 
cation requires a wide bandwidth 
for the system as a whole, you 
still have some options. The 
MA X421/428, the LTC1050/1052, 
the ICL7650, and the TSC901 all 
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The built-in hold capacitors on Teledyne’s 904 quad chopper-stabilized op amp appear as 


large metal areas at the chip’s edges. 


allow you use an external signal to 
set the amplifier’s clock frequency. 
Thus you can, for example, synehro- 
nize the amplifier with the sampling 
clock of an A/D converter, thereby 
ensuring that the clock noise is 
never sampled. You can also syn- 
chronize two amplifiers to reduce 
overall noise in differential applica- 
tions. 

Having control of the sampling 
clock frequency gives you two addi- 
tional benefits: You can use the ex- 
ternal clock to prevent the nulling 


amplifier from responding to an 
overload. By holding the clock low, 
you keep the nulling amplifier in its 
self-nulling state. You can also 
avoid intermodulation problems by 
setting the clock frequency away 


from strong signal frequen- 
cies. 


Article Interest Quotient 
(Circle One) 
High 518 Medium 519 Low 520 


For more information... 


For more information on the op-amp products discussed i in this article, : 


on the Information Retrieval Service card, or use EDN's Express Request ; 


service. 


GE Solid State/Intersil 
10600 Ridgeview Ct 
Cupertino, CA 95014 
(408) 996-5000 

TWX 910-38-2014 

Circle No 700 


(408) 737-7600 
TWX 310-29-1641 
Circle No 702 


Linear Technology Corp | 
1630 McCarthy Blvd 
_ Milpitas, CA 95035 
(408) 482-1900 
TLX 4993977 
Circle No 701 


Maxim Integrated Products 
120 San Gabriel Dr 
Sunnyvale, CA 94086 


Teledyne Semiconductor 
1300 Terra Bella Ave © 
Mountain View, CA 94039 
(415) 968-9241 
TWX 910-879-1590 

Circle ne es 
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NOTES FOR ANALOG SYSTEMS DESIGNERS 


Now there’ a high performance 
single-chip solution for 


quantizing fiber optic signals. 


Micro Linear’s new ML4421 is 


the first complete solution for 


converting low-level analog pulses 


from a fiber optic PIN diode 


preamp to digital signals, enabling 


you to interface with the clock 
recovery circuit. 
High Frequency Design 
Made Easy 
The ML442]1 contains all the 


necessary circuitry for quantizing 


signals at data rates up to 
100Mbaud.The chip includes a 


ML 4421 converts Low Level Pulses from PIN Diode Preamp 
into Clean Ingital Signals 


high speed comparator, wide band This wide dynamic range means _levels.The circuit also transmits a 


amplifier, a link monitor and a 


the ML4421 can be used where status signal to the system. 


DC offset cancelling circuit.The combinations of high and low Easily Customized 


high level of integration greatly 
simplifies the design of a fiber 
optic receiver by eliminating 
multiple discrete devices. 


The new ML442] data quantizer bution to system noise insignificant 
can accept a wide dynamic 
range of signal strengths at its 
input, up to 55 dB. 


ML4421 Wide Bandwidth 
makes it usable to 100 MBaud 


voltage input levels might saturate 
less accommodating, discrete 
solutions. The quantizer’s low noise 
voltage (25uV) makes its contri- 


The ML4421 is developed on 
Micro Linear’s FB300 family bi- 
polar tile array platform. It allows 
easy customization to your 
specific applications, including 


d to oth Is. i 
So eee eee eeceaee twee, sttaller packages or changes in I/O 


Once your data signal has gone 


through two cascaded stages of | 2Nd functions. 
wideband (50MHz) gain amplifi- Call Or Write 
cation, you can choose between For More Information 


either a single +5V TTL compar- If you would like more infor- 


ator, or a +5V or —9.2V ECL mation on the ML4421 fiber optic 
comparator to interface with other gata quantizer, or on Micro 


blocks. Linear’s complete line of linear 


Built-In Link Monitor devices, call (408) 483-5200, 


. extension 900. Or write: 
A user adjustable link monitor * Micro Linear 
prevents incorrect data from 


he 4 
being passed by disabling data + ese i , 


outputs when incoming signals fall 
below externally set threshold oan sidney a 
CIRCLE NO 89 
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The AMP Furocard. 
Dont leave 


The AMP Eurocard is now manu- specials—are that much closer to 
factured around the world. home, wherever you are. 
So all the benefits you expect In the U.S., for example, 
from AMP—selection, delivery, production covers types C, R, 
B, and Q. Plus half sizes. Plus 
expanded 2 and 3 row specials, 
including our 150-position style. 


—= aa : You choose the tail configu- 
i ici aS sea i" ration you need—including our solderless insertion with standard 
a mT this 3 =ACTION-PIN compliant pins. —_ «flat rock’’ tooling. 
“s+ W helaledeleiielalatat seers Our latest housing design allows AMP Eurocard connectors 


and packaging are designed with 


Available nearby: a variety of 
AMP pee sizes and styles for packaging flexibility 
in DIN 41612 and IEC 603-2 applications. 


AMP and ACTION PIN are trademarks of AMP Incorporated. 


Made worldwide. 


home to get it. 


automation in mind, too, with high- 
temp housings, close tolerance tails. 
Position data are identical on through- 
hole and surface-mount housings, for 
easy tooling transition to SMT designs. 
And the support you need to 
take advantage of all this—from 
technical expertise to prototypes, to 
specials, to full systems support— 


is right in place, right around the For characterized backplane 

comer. assemblies, contact AMP Packaging 
For technical information or Systems, Inc., P.O. Box 9400, 

product literature, call 1-800-522-6752. Austin, Texas 78766, (512) 244-5100. 

AMP Incorporated, Harrisburg, PA 

17105-3608. 


AQINIF interconnecting ideas 
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If you want your system to look 
its very best, look to Electronic 
Solutions. 

The first thing you'll find is that the 
beauty we add to your board level — 
system is a lot more than skin 
deep. It will look better, sell better, 
and work better in an Electronic 
Solutions enclosure, for a | 
reasons: 

Engineered Cooling for maximum 

performance from the new, high 

density cards. : 

_ Built from Experience: We've | 

_ been the enclosure experts since. 
board-level systems began 


Safety and EMI/RFI Approvals 
by UL, CSA, TUV(IEC380) and the 


POL. . 
oS"! GO, eese0 (Fcc! 
Off the Shelf or Built to Order: 
From simple needs like paint and 
labeling to complete reshaping for 
the most unusual requirements —we 
do it all. Most of the time we have a 
bigheadstart. CC 

- See how packaging can make the 
_big eens ae sys em. Give © 


Huge Selection of 
Complete Enclosures 


Tabletop 4,7,10,12,15 slots 
3¥2" Rack 4 slots | 

T Rack7,10slots 
10¥2" Rack 12,15 slots . 
DeskMate 7,10,12,15 slots 


Tabletop 3,5,6,7,12, 
— 20,32,40 slots 
se Rack 3 me Ss 


T’ Rack 7 slots 
14” Rack 12, 20 slots 


PRODUCT UPDATE 


Pocket-size in-circuit emulator 


for 8051 starts at $995 


The ubiquitous 8051 8-bit micro- 
controller is popular for many 
controller applications. Until now, 
you had to spend a few thousand 
dollars in order to get an in-circuit 
emulator that would help you in 
your software development efforts. 
The cost of the d2ICE-51 in-circuit 
emulator for the 8051 starts at a 
figure less than one thousand dol- 
lars. 

The d2ICE-51 consists of two 
components, the hardware module 
and the controlling software that 
runs on an IBM PC, PC/XT, 
PC/AT, PS/2, or a compatible com- 
puter. The software that controls 
the d2ICE-51 is similar to the com- 
pany’s software simulator. This 
simulator is a multiwindowed envi- 
ronment that allows you to control 
the operation of the 8051. You can 
run your code and watch the source 
code, registers, ‘memory accesses, 
I/O operations, traces, and other 
valuable displays on the screen at 
the same time. You can set up a 
flow window to show a disassem- 
bled trace, a histogram to view 
high-speed operation and number of 


interrupts, or a flow chart. 

The hardware portion of the 
d2ICE-51 is based on the DS5000 
from Dallas Semiconductor and in- 
cludes as many as 32k bytes of on- 
chip RAM. The emulation socket is 
plugged into the target system, and 
an RS-282C cable plugs into either 
COM1 or COM2 of an IBM PC. Be- 
cause the target system provides 
the power for the emulator, applica- 
tions that have tightly budgeted 
power may not be able to power 
the standard unit; for these low- 
power applications, a CMOS ver- 
sion of the d2ICE-51 is available. 

The standard d2ICE-51 with 4k 
bytes of memory costs $995; the 
28k-byte standard version sells for 
$1250. The price of a low-power 
CMOS version with a 4k-byte mem- 
ory is $1195, and the 28k-byte 
CMOS version costs $1495. 

—David Shear 

Cybernetic Micro Systems Inc, 

Box 8000, San Gregorio, CA 94074. 

Phone (415) 726-3000. TWX 910- 
390-5842. 
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The pocket-size in-circuit emulator for the 8051 allows you to easily debug your software 
and test the system in real time. 
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@ PROGRAMS: 


THE LOW COST 


OF HIGH PERFORMANCE... 


AS LOW AS $1495. 


digeter 
| SOFTLINK™ 


MODEL 824 
PORTABLE PROGRAMMER 


O 16K to 1024K Bit E7/EPROMs 
from all manufacturers (more than 
220 devices) 

© Intel (87xx) and Motorola 
(68701 /68705, 28-and 40-pin) 
single chip micros 


FEATURES: 


O 64K Byte standard RAM 
(expandable to 256K Byte) 

© Built-in UV eraser 

© Fully programmable VCC et VPP 
for future programming needs 

© Plug-in SOFTPACK cassette for 
do-it-yourself software updates 

O Detects Device type (signature) 

O Detects misplaced device 


SUPPORTS: 


C1 5 different programming 
algorithms, including Intel 
Intelligent and Quick-Pulse, 
AMD Fiashrite 


OFFERS OPTIONALLY: 


O SOFTLINK remote control 
software for IBM PC/XT/AT 

CO PLCC module 

O Adapter for 1M bit EPROMs 
and Motorola micros 


We provide on-line technical support and 
have a fully staffed lab on site. 


22736 Vanowen Street 
Canoga Park, CA 91307 
Tel: (800) 367-8750 Tel: 01-312 46 22 

In CA: Tel: (818) 887-3755 Fax: 01-312 46 66, 
Fax: (818) 887-3693 Tix: 823795 dige ch 


Dorflistrasse 14, 


————$————$—$ neh 
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PROM & Logic 
Programmers 


EUROPE: DIGELEC AG, 


CH-8057 Zurich, Switzerland 


digelec) 


1-2-3-4 
AT A TIME 
MAKES PROGRAMMING 
AS EASY AS 
1-2-3-4 ; 
FOR ONLY $1995. 


MODEL 825 
SET PROGRAMMER 


@ PROGRAMS: 


PROM & Logic 
Programmers 


PRODUCT UPDATE 


In-circuit ASIC verification tool 
checks designs before prototypes 


The Rapid Prototype Machine 
(RPM) Emulation System is a real- 
time, in-circuit, ASIC verification 
tool based on Xilinx’s Logic Cell Ar- 
ray (LCA). You can design a circuit 
for ASIC implementation, transfer 
the design to the RPM hardware, 
plug the RPM emulator into your 
target system, and prove that the 
logic works in concert with the tar- 
get system. If it doesn’t work, the 
emulation system lets you reconfig- 


analysis are built into the basic con- 
figuration. Interface cables and 
plug adapters insert into standard 
ASIC sockets, and optional compo- 
nent adapters allow the use of stan- 
dard components, such as memory 
devices and wPs as part of the emu- 
lation. 

The RPM Emulation System con- 
sists of stand-alone emulation hard- 
ware and software. The software is 
made up of the emulation setup and 


ure the LCAs to debug and correct embedded design-analysis tools. An 

0 ee devices ap leaked problems. Ethernet interface or a SCSI port 

with the same or different data. Se 
5 16K to 1024K Bit E2/EPROMs The basic RPM configuration connects to your workstation 


from all manufacturers (more than 
220 devices) 


supports real-time emulation of de- 
signs with as many as 25,000 gates. 


either Daisy or Valid, and by the 
end of the first quarter 1989, Men- 


© Intel (87 xx) and Motorola Modular expansion permits the gate tor—and allows the workstation to 
seth hae ad and 40-pin) capacity to grow to 100,000 gates. control the emulation system. 
© FEATURES: Stimulus generation and logic The system is currently in beta 
+ 8.16 325, GANG test, and the vendor is scheduling 
5 64K Byte savas oo production shipments for the end of 
(expandable to 256K Byte) the first quarter 1989. Pricing for 
CO Built-in UV eraser the Rapid Prototype Machine Emu- 
5 Plugin SOFTPACK cassettefor Gs OAC lation System begins at $125,000. 
do-it-yourself software updates Michael C Markowit 
© Programming Verification at anes lal hash 
3 VCCs Quickturn Systems Inc, 1023 N 
O ) ih pimladeatii nati Shoreline Blvd, Mountain View, 
or future programming needs ; 
O Detects Device type (signature) er eae Phe (415) 967-3800. 
CO Detects misplaced device 4193-907- a 
@ SUPPORTS: Circle No 730 
0 5 different programming 
algorithms, including Intel 
Intelligent and Quick-Pulse, 
AMD Fiashrite 
@ OFFERS OPTIONALLY: 
0 SOFTLINK remote control 


O 


software for IBM PC/XT/AT 
PLCC module 


© Adapter for 1M bit EPROMs 
and Motorola micros 


digelec 
USA: DIGELEC INC., 
22736 Vanowen Street 
Canoga Park, CA 91307 
Tel: (800) 367-8750 

In CA: Tel: (818) 887-3755 Fax: 01-312 46 66, 
Fax: (818) 887-3693 Tix: 823795 dige ch 
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*U.S. Domestic price only 


EUROPE: DIGELEC AG, 
Dorflistrasse 14, 

CH-8057 Zurich, Switzerland 
Tel: 01-312 46 22 


Using the RPM Emulation System, you can 
verify and debug the design of your ASIC 
in its target system in real time. 


Great code compatibility 


Zilog’s Z80180™ is the CMOS general purpose controller 


Full software compatibility. 
with the high performance and the on-board peripherals 


You'll be up and running with the Z180 immediately. 
that make it clearly the cost-effective, space-saving choice. Because it’s 100% object code compatible with Z80/8080." You 
Whether you're upgrading a Z80 application or designing a 


probably already know the code, so you can port right onto 
the Z180. Not only that, since Zilog originally developed the 
part jointly with Hitachi, the Z180 is directly compatible with 
Hitachi's version, the HD64180Z" 


7il og is Superintegr ation. Enhanced performance. 


1s ’ 
ASICs are the obvious answer to many of toda) Of course, the Z180’s CPU core gives you more power and 


totally new system. 


specific uses. speed than discrete CPUs. Besides that, there are several new 
tomized products fe or Sp ecif : 

De slant thel as the demand for se cies instructions. You also get operating frequencies to 10 MHz. And 
Bul reoration grows, the need for toes et tegration you have the overall performance advantages of CMOS and 
Hiss arises. That new approach Is SUP superintegration.” 

from Zilog. n, Zilog bas developed a 


Through Superintegrait hication Specific Standard The important peripherals are on board. 
bes Oe ‘SSP Ja ASSP’ are working oy The Z180’s high integration results in impressive savings 
Products (Aso) 0 7 hanced for specific 4ppice 
hined and enbance 


oot in De ASSPS in costs and real estate. The MMU gives you one Mbyte of 

sts ns. They are not custom parts. Inse ane addressing space. You have 2 DMA channels, 2 UART channels, 

‘we develop use the same archiee ir od to ASICS and 2 16-bit programmable counter-timers. Plus wait-state 
codes you're already ee non-recurring engineer generators, an interrupt controller, a clock oscillator/generator, 
‘ng (NRE) ni rgesare eliminated Plus, eee and a clocked serial I/O port. All integrated on the Z180 chip. 
ec ing enbances ok nee amen If this isn’t enough to convince you to take a look at what 
is significantly reduces” , 


the Z180 can do for your design project, here’s a little more to 


to your time-to-market consider. The full complement of development support tools are 


te 
And think about this, Nobody bas a more complete 


a paleons Te Nobo isbetler qualified to readily available from industry leaders. And the 2180 comes to 
an deter sinter part you off-the-shelf, backed by Zilog’s proven quality and relia- 
iver —Superintegr 
develop—and deliver 


bility. Find out more about the Z180 or any of Zilog’s growing 
family of Superintegration products. Contact your local Zilog 
sales office or your authorized distributor today. Zilog, Inc., 
210 Hacienda Ave., Campbell, CA 95008, (408) 370-8000. 


Right product. Right price. Right away, Zilog 


ZILOG SALES OFFICES: CA (408) 370-8120, (714) 838-7800, (818) 707-2160, CO (303) 494-2905, FL (813) 585-2533, GA (404)923-8500, IL (312) 517-8080, MA (617) 273-4222, MN (612) 831-761], 
NJ (201) 288-3737, OH (216) 447-1480, PA (215) 653-0230, TX (214) 987-9987, CANADA Toronto (416) 673-0634, ENGLAND Maidenhead (44) (628) 39200, W. GERMANY Munich (49) (89) 612-6046, 
JAPAN Tokyo (81) (3) 587-0528, HONG KONG Kowloon (852) (3) 723-8979. TAIWAN (886) (2) 741-3125, SINGAPORE 65-235 7155, DISTRIBUTORS: U.S. Anthem Electric, Bell Indus., Hall-Mark Elec. 
pellets, ve Lionex Corp., Schweber Elec., Western Microtech. CANADA Future Elec., SEMAD, LATIN AMERICA Argentina—Yel.-(1) 46-2211, Brazil—Digibyte (011) 241-3611, Mexico—Semiconductores 
Profesionales (5) 536-1312. 
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Terrific performance. Superintegration. 
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Low Cost 
8051 Tools 


fs Se 


d°ICE 


This Real-Time ICE is the lowest cost 
and smallest sized full speed 8051 in- 
circuit emulator. Full access to hard- 
ware I/O. Includes all debugging fea- 
tures of Sim and dICE below. Fits in 
shirt pocket. 


dICE-51 


This reduced-speed in-circuit 8051 
debugger provides full access to I/O 
but will not run real-time. With the 
same user interface features as 
Sim8051 below, dICE-51 generates 
execution profiles during reduced 
speed execution. (CMOS and MIL 
also available.) 


8868 cpl C 
8861 dynz R4, DoLoop 


8848 xch A,R2 
8849 add A,w3 
884B xch A,R2 
884C jb MFlag,ValMax 
BB4F add A,R2 
OutPt 
8856 mov P1,A 
jb DisB,NotStore 
acall StoreVal 


R4 
1 61 RS 66 P1 87 CB:67E7 PD: 8888 
2 21 R6 B81 P2 FF C1: FDFE ac: 87 


Sim8051 


This software Simulator/debugger 
allows ‘no-circuit’, debugging of 8051 
code on IBM-PCs. All Cybernetics 
8051 debug tools offer multi-window 
source code displays, symbolic ac- 
cess to data, single key commands, 
breakpoints, trace, full speed and 
single step execution, execution pro- 
filer, and more. 


~ Other 8051 tools include: 


Cross Assembler $195 
8751 Programmer $195-$345 
Debugger Demo Disk 


Cybernetic Micro Systems 
Box 3000 e San Gregorio, CA 94074 


(415) 726-3000 e Telex: 910-350-5842 
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PRODUCT UPDATE 


High-power rectifiers 
feature 30-nsec recovery times 


The HV Plus Series high-speed rec- 
tifiers enhance the design and per- 
formance of high-voltage, high- 
frequency switching power sup- 
plies. Featuring reverse voltage 
ratings of 200 through 1000V and 
reverse recovery times as fast as 
30 nsec, the rectifiers enable you 
to improve performance in difficult 
applications. For example, HV Plus 
rectifiers can serve as clamp diodes 
to protect high-voltage power 
MOSFETs or as output rectifiers in 
high-frequency converters. Avail- 
able in both industrial and high- 
reliability/MIL-grade versions, the 
rectifiers have an 8-pF junction ca- 
pacitance and low leakage charac- 
teristics at high temperature. 

The average de output-current 
rating measures 2A for the 
UHVP202-UHVP210 industrial 
versions and the 1N6620-1N6625 
high-reliability rectifiers; the indus- 
trial-grade UHVP402-UHVP410 
and the high-reliability 1N6626- 
1N6631 feature a 4A current rating. 
At 25°C, reverse leakage current 
ranges from 1 to 2 pA for the 2A 
industrial units and from 0.5 to 1 
wA for the 2A high-reliability units. 
Respective ratings for the 4A units 
are 4 to 5 pA and 2 to 4 pA. At 
125°C, reverse leakage measures 
100 to 150 pA for the UHVP202- 
UHVP210 devices and 250 to 500 
wA for the UHVP402-UHVP410 
units. Maximum reverse leakage 
current at 150°C is 300 and 1000 
wA for the 1N6620-1N6625 and 
1N6626-1N6631 rectifiers, respec- 
tively. 

Although these specifications are 
impressive, they reflect perform- 
ance in an industry-standard test 
circuit. To help designers address 
more realistic problems, the com- 


Available in 2 and 4A versions, HV Plus 
rectifiers feature reverse recovery current 
ratings of 30 nsec and reverse voltage ratings 
to 1000V. 


pany has characterized all HV Plus 
rectifiers under real-world condi- 
tions. The data sheets, for example, 
list parameters such as reverse re- 
covery current vs di/dt, reverse re- 
covery time vs junction tempera- 
ture, typical peak forward recovery 
voltage vs di/dt, average forward 
current vs ambient temperature, 
and average forward current vs 
lead temperature. Such information 
is invaluable when you are maximiz- 
ing rectifier performance under 
tough environmental conditions. 
HV Plus rectifiers are available 
in two axial-leaded package sizes. 
The industrial-grade devices fea- 
ture an operating range of —55 to 
+ 150°C, and 600V units cost $1.60 
for 2A versions and $1.86 for 4A 
versions. The military-grade rectifi- 
ers operate over a range of -— 65 to 
+ 175°C; 600V units are priced at 
$3.60 and $5.50 for the 2 and 4A 
versions, respectively.(1000). 
—Tom Ormond 
Unitrode Corp, 580 Pleasant St, 
Watertown, MA 02172. Phone (617) 
926-0404. FAX 617-924-1235. 
Circle No 731 
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If you perform 
calculations, the answer 
is obvious. wit) [= cost t) 


‘= sintm-t) 


MathCAD 2.0. 

It’s everything 
you appreciate about 
working on a scratch- | 
pad—simple, free-form 
math—and more. More 
speed. More accuracy. | 
More flexibility. 

Just define your 
variables and enter your 
formulas anywhere on the screen. MathCAD 
formats your equations as they're typed. 
Instantly calculates the results. And displays 
them exactly as you're used to seeing them — 
in real math notation, as numbers, tables 
or graphs. 

MathCAD is more than an equation 
solver. Like a scratchpad, it allows you to add 


© 1988 MathSoft, Inc. 
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text anywhere to 
support your work, 
and see and record 
every step. You can 
try an unlimited 
number of what-ifs. 
And print your 
. entire calculation as 
Ce: an integrated docu- 
ee ment that anyone 
re) free can understand. 
tom 2 Plus, MathCAD 
is loaded with powerful 
built-in features. In addition to the usual trig- 
onometric and exponential functions, it 
includes built-in statistical functions, cubic 
splines, Fourier transforms, and more. It also 
handles complex numbers and unit conver- 
sions in a completely transparent way. 
Yet, MathCAD is so easy to learn, you'll 
be using its full power an hour after you begin. 


Solve non-linear equation: 


Requires IBM PC® or compatible, 512KB RAM, graphics card. 


IBM PC® International Business Machines Corporation. 
MathCAD® MathSoft, Inc. 
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What more could you ask for? How about 
three new applications packs to increase your 
productivity? 

The Advanced Math Applications 
Pack includes 16 applications like eigenvalues 
and eigenvectors of a symmetric matrix, solu- 
tions of differential equations, and polynomial 
least-squares fit. 

Two Statistics Applications Packs 
let you perform 33 standard statistical routines 
such as multiple linear regression, combinations 
and permutations, finding the median, simulating 
a queue, frequency distributions, and much more. 

MathCAD lets you perform calculations in 
a way that’s faster, more natural, and less error- 
prone than the way you're doing them now— 
whether you use a calculator, a spreadsheet, or 
programs you write yourself. So come on over 
to MathCAD and join 45,000 enthusiastic users. 

See your dealer or call 1-800-MATHCAD 
Ext. 2776 (In MA: 617-577-1017). 


MathCAD 


MathSoft, Inc., One Kendall Sq., Cambridge, MA 02139 
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READERS’? CHOICE 


Of all the new products covered in EDN’s September 1, 1988, issue, the ones reprinted here generated the 
most reader requests for additional information. If you missed them the first time, find out what makes them 
special: Just circle the appropriate numbers on the Information Retrieval Service card, use EDN’s Express 
Request service, or refer to the indicated pages in our September 1, 1988, issue. 


HANDHELD DMM/SCOPE 

The Model 200 portable 2’4-lb DMM/oscilloscope pro- 
vides dual-channel operation. It samples at 3M sam- 
ples/seec max and offers autoranging (pg 232). 


Leader Instruments Corp. 
Circle No 605 


ENCODERS 

Softpot Models SPM-50 and SPM-100 optical shaft en- 
coders convert shaft angle, speed, and direction into 
real-time digital information (pg 226). 

US Digital Corp. 

Circle No 603 


MEASURING UNIT 


The UDM-RMU (remote measurement unit) distance- 
measuring device communicates with a controller over 
an RS-232C link (pg 217). 

Contaq Technologies Corp. 

Circle No 601 


SIMULATOR 

Extend is a modular, behavioral-simulation program 
that runs on Apple’s Mac II, Mac SE, and Mac Plus 
computers. It lets you build block diagrams, insert the 
function of each block in the form of a script, and then 
connect the blocks together to form a system model 
(pg 228). 

Imagine That! 

Circle No 604 


WATCHDOG IC 


The H6060 can act as a power supply monitor or as a 

reset generator for P systems by incorporating volt- 
age comparators, a programmable timer, and reset se- 
quencing logic (pg 220). 

EM Microelectronic-Marin SA. 

Circle No 602 


fualities of high 
ctionality. Now 


~ Optional equip ent penton on- board 
Diasporas FPP, SCSI interf ace 


ct 


Call toll free: 800- ‘ 9602 iaaen 503). 
elefax: 608-251-1076 
IRCLE NO 22 
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The program 


in aswitch. 


Introducing Vivisun Series 2000, the programmable switches can replace 50 or more dedicated switches 
display pushbutton system that interfaces the and the wiring that goes with them. In short, 
operator with the host computer. The user friendly Vivisun Series 2000 gives you more control over 
LED dot-matrix displays can display any graphics everything including your costs. 

or alpha-numerics and are available in green, red Contact us today. 


or amber. They can efficiently guide the operator 
through any complex sequence, such as a checklist, 


with no errors and no wasted time. O AEROSPACE OPTICS INC. 
They also simplify operator training as well as 3201 Sandy Lane, Fort Worth, Texas 76112 
control panel design. Four Vivisun Series 2000 (817) 451-1141 + Telex 75-8461 * Fax (817) 654-3405 


SERIES 


Programmable display switches. Making the complex simple. 
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Percentage of respondents 
c. 


° 2 2% 

> S&S & 
% % % % & © 

*%% %& % % 

EM % $6 4 0 & % 
RANSFORMERS 
yroidal 7. 15 64 14 0 0 
ot-Core 8 15 A6 31 0 0 
aminate (power) 10. 50 25 15 0 0 
ONNECTORS 
jilitary panel 0 44 33 23 0 0 
jat/Cable 25 45 20 £10 0 0 
julti-pin circular 14 36 36 14 0 0 
C (2-piece) 21 43 29 7 0 0 
F/Coaxial 18 58 18 6 0 0 
ocket 15 60 20 2 0 0 
2rminal blocks 29 47 18 6 0 0 
dge card 138 33 47 7 0 0 
-Subminiature 27. 36 «27.0610 «=O Qté«iOO 
ack & panel 15 46 3] 8 0 0 
ower 18 40 27 13 7 0 
RINTED CIRCUIT BOARDS 
ingle sided 0. 65 -36 0 0 0 
ouble sided 0 59 36 5 0 0 
julti-layer 0 26 63 6 o 0 
rototype 0 87 9 4 0 0 
ESISTORS 
arbon film 24. 37 2 £10 0 0 
arbon composition 32. 36 32 0 0 0 
etal film 19 48 33 0 0 0 
etal oxide 2s 60 399ltsC*S 0 0 0 
firewound oo. 24 35 6 0 0 
otentiometers 18. 50 33 4 0 0 
etworks 21 47 26 6 0 0 
USES 56 27 11 #6 0 0 
NITCHES 
ushbutton ee 6«O 39”—t—s« 8) 9 0 0 
otary 6 53 2 12 0 0 
ocker et 32 86. 11 0 0 
1umMbwheel O 56 381 13 0 0 
nap action ~ 29 57 7 0 0 
omentary 14 43 36 7 0 0 
ual-in-line 14 50 29 7 0 0 
IRE AND CABLE 
Oaxial 29 47 #19 5 0 0 
at ribbon so. 43 22 0 0 0 
ulticonductor 4\.. 27 2 5 0 0 
ookup 50 31 19 0 0 0 
irewrap 38 31 31 0 0 0 
ywer cords so 29 «25 8 0 0 
OWER SUPPLIES 
witcher & 30 31 31 0 0 
near t 27 $88: 27 0 0 
RCUIT BREAKERS 23. 38 #23 #16 #O 0 
EAT SINKS 24 46 24 6 OO O 
ATTERIES 
thium coin cells 15 38 36 9 0 0 
/ alkaline 40 40 20 0 0 0 
2al-time clock back-up 30 40 30 0 0 0 
ELAYS 
eneral purpose 43 28 19 10 0 0 
> board 30. 45 & 20 0 0 
10 


% 
%, 
% 
Be cr 
Be Be 
ff 8.2 
8.9 11.5 
5.6 8.5 
7.5 9.6 
44 4.2 
6.1 9.7 
46 7.3 
4.1 7.4 
4.1 3.8 
3.7 4.8 
5.6 5.9 
4.7 4.1 
5.1 =8.1 
7.1 6.0 
4.7 5.3 
5.4 6.2 
8.0 6.8 
3.9 3.4 
49 3.4 
3.6 3.8 
4.0 4.1 
4.2 4.9 
4.4 5.2 
4.7 5.2 
44 4.3 
2.6 2.2 
49 4.5 
5.7 7.8 
5.5 5.8 
6.1 9.0 
6.5 7.3 
5.2 5.7 
4.9 6.2 
3.7 4.0 
3.0 3.3 
3.7 4.3 
2.4 3.0 
3.4 3.7 
4.1 4.2 
8.1 8.6 
8.1 6.1 
5.4 7.9 
4.2 4.5 
5.5 7.0 
2.8 3.4 
3.6 7.4 
3.9 6.6 
48 7.3 


4 
-] % 
3 > & * Be © = 
S$ » © % 6 Dd 4 -3 
S €@€@ ¢@€ &@€ &€ &£ 4% % 
%%e eee BS % 
ITEM % 0 6 $8 & & & 
Dry reed 0 64 9 27 0 0 6.8 
Mercury 14 57 0 15 14 0 7.6 
Solid state 39 38 6 17 0 4.2 
DISCRETE SEMICONDUCTORS 
Diode 42 23 19 16 0 0 4.6 
Zener 36 28 16 20 0 0 5.2 
Thyristor 19 37 +19 25 0 0 6.5 
Small signal transistor 26 42 16 = 16 0 0 5.0 
MOSFET 14 43 14 29 0 0 6.9 
Power, bipolar 33 42 8 es 0 0 4.5 
INTEGRATED CIRCUITS, DIGITAL 
Advanced CMOS 156 35 35 15 0 0 6.1 
CMOS 33 33 25 9 0 0 4.3 
TTL S2 22 13 £413 0 0 3.7 
LS 52 24 14 #&2«3110 0 0 3.3 
INTEGRATED CIRCUITS, LINEAR 
Communication/Circuit 29 36 21 14 0 0 49 | 
OP amplifier 29 29 29 13 0 0 5.2 
Voltage regulator 40 35 10 15 0 4.1. 
MEMORY CIRCUITS 
DRAM 16K 22 44 0 22 242 0 T= 1 
DRAM 64K 11 56 O 22 «11 0 7.8 1 
DRAM 256K 8 25 Af 33 17 OO} 11.5 1: 
DRAM 1M-bit 0 20 40 30 Oo 10 | 116° 1 
SRAM 4K x 8 06 13 248 # £62 0 O | 11.9 TI 
SRAM 8K x 8 6 12 12 46 j2 412) 15.2 1. 
SRAM 2K x 8 14 15 44 #457 0 O | 10.4 1: 
ROM/PROM 8 50 9 33 0 0 Ye 
EPROM 64K 29 7 35 £29 0 0 ‘a 
EPROM 256K 25 9 33 £33 0 0 8.0 | 
EPROM 1M-bit O 38 13 £49 0 0 9.7 11 
EEPROM 16K 10 20 20 £50 0 0 9.9 | 
EEPROM 64K 18 27 19 36 0 0 7.9 11 
DISPLAYS 
Panel meters 20 27 33 13 Fé 0 lin 
Fluorescent 11 23 8: 33 0 0 8.4 11 
CRT 12-inch monochrome 8 42 17 33 0 0 tle | 
LED of 31 16 #4916 0 0 46 | 
Liquid crystal & 23 38 # 31 0 0 $5 | 
MICROPROCESSOR ICs 
8-bit 18 31 13 £43 0 0 8.6 | 
16-bit 0 40 20 £40 0 0 8.9 | 
32-bit 11 23 22 44 0 0) 9.2 Il 
FUNCTION PACKAGES 
Amplifier 23 16 98 £23 0 0 7.0 ( 
Converter, analogto digital 7 14 43 #36 0 0 9.4 ¢ 
Converter, digitalto analog 8 17 42 33 0 0 8.9 
LINE FILTERS 25 #13 #88 37 -0 o| 84 ! 
CAPACITORS 
Ceramic monolithic 32 31 23 #4214 0 0 49 ! 
Ceramic disc 36 19 27 18 0 0 <S 
Film 30 30 20 20 0 0 5.5. ! 
Aluminum electrolytic 28 32 24 16 0 0 Le 
Tantalum 31. 0 31 19 19 0 0 5.3. ! 
INDUCTORS 0 43 44 13 O oO| 68 5 


Source: Electronics Purchasing Magazine's survey of buye 
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Powerful debug commands aren't 
worth much if they’re too difficult to 
use. We've designed the SA98 to 
trap bugs based on simple, well 
defined, and detailed commands. 
Quick Change Artistry 
No more running up and down com- 
mand trees to change or modify an 
emulator condition. Change com- 
mands without stopping the emulator. 
Define in-depth breakpoints. Call up 
help menus and files as you need 
them. And you can go from 8- to 
: | 32-bit microprocessors quickly. 


hs 


SESESTISH: 


. ee 
oe MALT iy 2g : 
a ge a) Se You Set the Rules 
omen Define your own soft keys and 


macro commands. With the PC/AT 


pNeetinttbeH Siohtim OS Ne CO LOO SOS OS 


ee 
es 


Available for Rent through 
U.S. Instrument Rentals, Inc. 


ee 


Trap tricky hardware and software bugs, precisely. — 


or XT function keys configured for 
emulation functions, you can type in 
and modify commands directly. 
Powerful Commands 
The SA98 command structure is so 
powerful and precise, comparing it 
to other systems is tough on them. 
Let the power of the SA98 trap your 
toughest problems and break out of 
conventional traps. 
More Than Expected 
Call for a demonstration, and see 
how good a trap it really is. You'll 
see fast, well defined solutions. 
Call Toll-Free Today _ 
1-800-824-9294 (U.S.) 
1-800-824-6706 (CA) 


Dedicated to MDS/ICE Support 


‘US. & European Headquarters: _ 
Sophia Systems __ 
3337 Kifer Road _ 
Santa Clara, CA 95051 (408) 733-1571 
Corporate Headquarters: 

Sophia Systems Co., Ltd. 

NS Bldg. 8F 

2-4-1 Nishishinjuku, Shinjuku-ku 

Tokyo 160 03-348-7000 

©1988 Sophia Systems 

Sophia Systems is a registered trademark of 
Sophia Systems Co., Ltd. 

ICE is a registered trademark of Intel Corporation. 
MDS is a registered trademark of 

Mohawk Data Science Corporation. 

IBM PC/AT and XT are registered trademarks 
of International Business Machines Corporation. 
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EDN SPECIAL REPORT 


Speech-recognition 


products 


Long the dream of the data-entry operator, true speech 
recognition 1s on tts way to becoming a reality. Commercially 
available products operate with a high degree of accuracy in 


many acoustically noisy environments. 


John A Gallant, Associate Editor 


Since the first introduction of speech-recognition prod- 
ucts in the early 1970s, computer operators have envi- 
sioned a system that could reliably recognize continu- 
ous speech without requiring any prior training. By 
definition, such a system would also be able to operate 
in the presence of background noise and over narrow- 
band communication channels such as the PSTN (Public 
Switched Telephone Network). Although the ideal sys- 
tem remains in the distant future, today’s speech- 
recognition products can handle many data-entry appli- 
cations with a high degree of flexibility and reliability. 

Much R&D work is being done in the area of speech 
recognition. AT&T and IBM, for instance, are invest- 
ing a lot of time and money into the technology. Not 


Relying entirely on vocal data entry, a doctor can dictate reports 
directly into Kurzweil’s VoiceEM system, edit them on the computer 
screen, and order an instant printout. 
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surprisingly, the universities are also experimenting 
with speech recognition. Commercially available prod- 
ucts, are, however, for the time being, few and far 
between. Nonetheless, the products that are on the 
market do bear scrutiny. 

Commercially available speech-recognition products 
fall into two broad categories: speaker (operator) de- 
pendent and speaker independent. Speaker-dependent 
products require that an operator train them before 
they can identify words or utterances. Speaker- 
independent products can understand speakers with 
different accents and speech patterns without any op- 
erator training. The penalty usually paid for speaker 
independence is a total-recognition vocabulary having 
a smaller active vocabulary. 

The total-recognition vocabulary is the complete set 
of words and phrases that a speech-recognition system 
can recognize. The active vocabulary is a subset of the 
total-recognition vocabulary and consists of the maxi- 
mum number of words a system can simultaneouly rec- 
ognize at a given time. Many speech-recognition de- 
vices let the developer select a grammar for customized 
applications. The grammar determines which subset 
of the total vocabulary is active at a particular time 
based on a trigger-phrase command or the syntax of 
words in a sentence. Depending on the manufacturer, 
you'll find an enormous difference between the total- 
recognition vocabulary of a product and its actual ac- 
tive vocabulary (Table 1). 

Regardless of the category—speaker dependent or 


Although the talking typewriter is years away, some speech recog- 
nition products on the market today can interpret conversational 
patterns of speech for data-entry applications. (Photo courtesy Ver- 
bex Voice Systems) | 
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Although the ideal system remains in the 
distant future, today’s speech-recognition 
products can handle many data-entry 
applications. 


Isolated-word speech-recognition systems such as the Voicescribe 
1000 from Cherry Electrical Products require a 200-msec pause 
between utterances to recognize words. 


speaker independent—speech-recognition products use 
one of two methodologies: isolated-word recognition 
or continuous-word recognition. Isolated-word speech- 
recognition products require a pause between utter- 
ances; the pause must last for 200 msec or more. An 
utterance can be a single word or a multiword phrase 
lasting for a few seconds. Continuous-word speech- 
recognition products can understand complete sen- 
tences and phrases connected together just as they are 
in everyday speech. 


Dependent systems recognize one operator only 


Dragon Systems’s Voicescribe 1000 is a representa- 
tive speaker-dependent system that uses isolated-word 
recognition. It costs $1595. (Cherry Electrical Products 
Corp also has a licensing agreement to sell the prod- 
uct.) The system’s hardware consists of an A/D plug-in 
card for the IBM PC/XT or PC/AT and a Shure headset 
microphone for training the system. The computer does 
the prompting as you train, or “enroll,” the system 
by repeating an isolated word four or five times. Using 
a stochastic processing technique, the software devel- 
ops word models from the sampled speech and stores 
the models in a vocabulary file. The software lets the 
user specify a grammar, which improves the system’s 
recognition performance by limiting the number of le- 
gally active vocabulary words for a particular syntax. 

When running on an IBM PC/AT with 640k bytes 
of RAM, the Voicescribe 1000 has an active vocabulary 
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of 1000 words. When operating in an IBM PC/XT with 
256k bytes of RAM, it recognizes 100 to 200 words. 
The system requires a minimum pause of 200 msec 
between each utterance to recognize the spoken text. 
A utility emulates a keyboard by passing an output 
string associated with a recognized word to an applica- 
tion running on the host. This speech-to-text-conver- 
sion function, for example, can recognize and pass the 
word “copy” as an ASCII “C” to a program running 
under Lotus 1-2-8. 

Dragon Systems also offers two other products, the 
Dragonwriter-1000 and -5000, that capitalize on the 
technology used to produce the Voicescribe system. 
Unlike their predecessor, however, the Dragonwriter 
boards are natural-language speech-recognition sys- 
tems and do not require a customized grammar to iden- 
tify words in a large vocabulary. A computer operator 
can dictate to these systems using this “free text” in 
an isolated-word recognition mode. 

The Dragonwriter products are intended for the IBM 
PC family of computers and incorporate a Texas Instru- 
ments’ TMS320 DSP chip. The Dragonwriter-1000 can 
understand vocabularies having more than 1000 active 
words. The Dragonwriter-5000 is currently undergoing 
beta testing and has a total-recognition—and active— 
vocabulary of 5000 words of free text. The company 
recommends that, in order for a Dragonwriter system 


Designed for data entry in environments where both a person’s 
hands and eyes are busy, the Verbex Voice Activated Package Han- 
dling System can understand conversational speech. 
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to operate in real time, the host should have a 12-MHz 
(at least) 80286 or 80386 wP, 2M bytes of RAM (includ- 
ing LIM expanded memory), and a 40M-byte or larger 
hard-disk drive. Each board costs $4500. 


More isolated-word speech-recognition products 


Kurzweil Applied Intelligence Inc also offers a 
speaker-dependent product that uses isolated-word 
recognition. The base system, or development pack- 
age, sells for $12,900 and consists of an IBM PC/AT 
plug-in board, recognition software, and a knowledge- 
based editor. The system needs a host with an 80386 
uP, 6M to 10M bytes of RAM, an 80387 coprocessor, 
and a 40M-byte hard-disk drive. For $21,900, you can 
purchase the system with an 80386 host computer. 

The Kurzweil system can identify as many as 5000 
active utterances; you can either have the company 
supply the vocabulary or you can create your own. A 
800-msec pause is required between each utterance. 
The system identifies words using a syntax that oper- 
ates on the most probable English word order, the 
phonetic structure, and the acoustics of each vocaliza- 
tion. 

In addition to the development system, the company 
offers three turnkey speech-recognition packages for 
generating medical reports: VoiceRAD, VoiceEM, and 
VoicePATH. Each costs $3000. The packages rely on 
trigger phrases to display a predefined report segment 
on a monitor screen. These segments provide the op- 
erator with a fill-in-the-blank capability. For example, 
if an operator prompts the system with “clinical suspi- 
cion,” a message on the display responds by asking the 
operator to specify the position and probable diagnosis, 
such as “left or right mammary” and “diffuse nodu- 
larity.” 


Spoken commands supplement keyboard entry 


The Vocalink Speech Recognition Board from Inter- 
national Voice Products is a different type of speaker- 
dependent, isolated-word speech-recognition system. 
The board contains 128k bytes of onboard memory for 
storing word models and recognition software, and it 
therefore doesn’t occupy any of the host’s (IBM PC/XT 
or PC/AT) memory. 

You have to enroll the system by repeating a word 
or a phrase three to five times before the system can 
recognize a command, which can last as long as 2.5 
sec. The board supplements keyboard inputs by con- 
verting as many as 240 vocal commands into ASCII 
strings for the simulation of keystrokes. For instance, 
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Some speaker-dependent speech-recognition systems accommo- 
date cellular-phone applications. A good example is the Vocal-ink 
family from International Voice Products. 


an operator using a word processor can use the key- 
board to enter text and a microphone to input com- 
mands such as “Indent,” “Bold,” or “Column Three.” 
A 250-msec pause is necessary between instructions. 
The Vocalink Speech Recognition Board sells for $1295. 

Although you may be leery of using such expensive 
products—especially if your data-entry application is 
one that demands low cost—less-expensive speech- 
recognition products are available. International Voice 
Products, for instance, offers its Vocalink Speech Rec- 
ognition Board without onboard memory for $395. The 
half-size board requires a host with at least 256k bytes 
of main memory and recognizes 100 active commands 
out of 400. 

Covox offers an even less-expensive speech-recogni- 
tion system, the Voice Master Key, for $130. The hard- 
ware consists of an IBM PC/XT- or PC/AT-compatible 
plug-in board with a pre-amplifier, an 8-bit A/D con- 
verter, and an electret microphone. Like the Interna- 
tional Voice Product offering, the Voice Master Key 
software requires a host with 256k bytes of main mem- 
ory. It recognizes a maximum of 64 speaker-trained 
isolated-word commands. 


Conversational speech is possible, too 


Isolated-word speech-recognition systems are effi- 
cient for many data-entry applications that require an 
operator’s hands and eyes to be busy. Unfortunately, 
there is a certain unnaturalness about them. Because 


ordinary conversation doesn’t require pauses between 
Text continued on pg 118 
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Commercially available speech-recognition 
products fall into two broad categories: 
speaker dependent and speaker independent. 


utterances, some operators find this restriction annoy- 
ing and have trouble becoming accustomed to it. The 
ability to recognize connected speech is admittedly 
more difficult than isolated-word recognition, but you 
do have several choices if you want to use this type 
of product in your application (Table 1). 

Verbex Voice Systems’ Series 5000, for instance, is 
a speaker-dependent system that can recognize words 
and utterances connected together in a natural- 
speaking manner from an active vocabulary of 100 
words. Although the standard total-recognition vo- 
cabulary is also 100, a 600-word total-recognition vo- 
cabulary is optional. 

The stand-alone subsystem connects to a host that 
runs a software package called Voiceware. The subsys- 
tem and software costs $6950. The software provides 
the user with a grammar, a vocabulary, and training 
scripts. An optional Voice Developer package ($600) 
lets you enroll your own vocabulary by vocalizing a 
word or a short phrase several times in a manner simi- 
lar to the isolated-word models. 

The Series 5000 uses co-articulation rules (Ref 1) 
to recognize connected speech. For example, the fea- 
ture-recognition characteristics for the number 7 are 
different for the number 745 than for 457. To aid in 
the process of recognizing varying voice patterns, the 
training scripts in the Voiceware package contain a 
number of samples of connected speech patterns. The 
development software accounts for different speech 
patterns by letting the operator enroll a training script 
that is representative of all the expected combination 
of words. The system also retrains a voice template 
each time a word is spoken to adapt to the changes in 
a user’s voice over time due to fatigue. | 

Verbex offers two turnkey software packages for 
the Series 5000: the Package Handling System for ship- 
ping, receiving, stockroom, and mailroom environ- 
ments, and the Manufacturing Control System for pro- 
duction, quality-control, and materials-handling envi- 
ronments. Each package costs $5600. 


Many products use DSP algorithms 


The TI-Speech System from Texas Instruments is 
a speaker-dependent, isolated-word speech-recognition 
system that optionally can recognize continuous 
speech. The hardware is compatible with the IBM PC/ 
XT and PC/AT and TI’s Professional Computer family 
and consists of a plug-in speech board, a microphone, 
and a speaker for verification. The board uses a 
TMS320 DSP chip to perform linear-predictive-coding 
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Using a 35,000-word dictionary and co-articulation rules, the 
DS200 Speech Input Development System from Speech Systems Inc 
recognizes speaker-independent continuous speech. 


(LPC) and dynamic-time-warping (DTW) algorithms 
on the sampled speech. DTW is a technique that nor- 
malizes the varying lengths of time a speaker takes 
to enter a particular phrase (Ref 1). 

The standard isolated-word recognition software rec- 
ognizes as many as 50 words and converts them into 
an ASCII string for text-to-speech verification. A 
transparent keyboard package translates a recognized 
command to a keystroke sequence and transfers the 
information to an application running MS-DOS. 

The optional toolkit package provides the software 
for identifying connected speech. First, the operator 
has to determine the set of words and sentences for a 
particular application. Then, he has to create a text 
file to define which words come first and which ones 
follow, including all possible options—a monumental 
task, by all accounts. Finally, he has to train the system 
to recognize his voice. 

The standard TI-Speech System costs $1150 and re- 
quires a personal computer with 256k bytes of memory 
and dual disk drives. The toolkit software package 
costs an additional $300. An optional add-on card, 
which costs $350, lets the system receive messages 
over the telephone lines. In the second quarter, the 
company plans to offer a board for the IBM PC/XT 
and PC/AT that runs Unix and Xenix. 
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Like the TI offering, the Vocalink System 4000 from 
International Voice Products uses a TMS820 DSP chip 
to identify speaker-dependent, continuous-word 
speech. Unlike the TI offering, it creates word models 
based on the frequency and amplitude of the sampled 
speech for a subsequent Markov-process analysis. The 
system creates a voice-recognition table for each user, 
which is stored on a personal voice cartridge. Each 
cartridge contains a grammar that recognizes 100 
words (out of a total-recognition vocabulary of 200) as 
well as training scripts of samples for connected-word 
options. 

The $5200 stand-alone subsystem can attach to either 
an IBM PC or a DEC VAX. An IBM PC requires at 
least 256k bytes of memory and two 320k-byte disk 
drives. A VAX 730, 750, or 780 has to have a minimum 
of 512k bytes of memory. 


Independent products listen to different drummers 


Although speaker-dependent speech-recognition sys- 
tems are effective for many data-entry applications, 
the algorithms that they use do not mimic two peoples’ 
voices—no matter how similar. The algorithms consist 
of matching a sampled speech pattern with a template 
created during the enrolling process. The speech- 
recognition system compares each sample of an utter- 
ance with all of the stored template data and assigns 
a number according to “best fitness.” The highest accu- 
mulated best fitness score for all of the samples deter- 
mines which of the stored utterances provides the clos- 
est match. The best fitness score for speaker-depend- 
ent systems is quite low when someone other than the 
trainer uses the system. 

Some speaker-dependent systems achieve some 
measure of speaker independence by having a number 
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Speaker-independent speech-recognition 
boards like the Dragonwniter products from 
Dragon Systems can recognize isolated 
words in active vocabularies exceeding 1000 
words. 


of speakers with varying speech patterns train the 
system with identical vocabularies. Although this ap- 
proach is satisfactory for some applications, such a 
scheme can demand a significant amount of computer 
memory. 

For those applications that call for complete speaker 
independence, several speech-recognition products are 
available that use algorithms different from their 
speaker-dependent counterparts. These algorithms 
recognize subword features (syllables, phonetics) to 
distinguish words in a limited vocabulary based on 
their acoustic or phonetic differences. 


Suitable for remote-processing applications 


Voice Control Systems, for example, offers a plug-in 
module that occupies two card slots in an IBM PC/XT 
or PC/AT that can recognize speaker-independent 
speech over the PSTN. The $2495 system recognizes 
14 canned, isolated words arranged in three subvocabu- 
laries: (1) 1, 2, 3, 4, 5, 6, 7, 8, 9, 0, “oh” (for users not 
wishing to pronounce zero), help, cancel, terminate; 
(2) yes, no, help, cancel, terminate; (3) 1, 2, 3, 4, yes, 
no, help. The Telerec system is useful in remote- 
transaction-processing applications; the software 
prompts the user for a response over the phone lines. 
A trigger word or phrase establishes which subvocabu- 
lary is active at any given time. The telephone interface 
provides autoanswer, autodial, DITMF decoding and 
generation, and call-progress-monitoring capabilities. 
The Telerec system can reside in a passive backplane 
and communicate with the host through an RS-232C 
port. 

Another product from Voice Control Systems, the 
VCS1000, is a speaker-independent stand-alone sub- 
system in a 8.5X1.5x5.75-in. cabinet that can recog- 
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Some systems use trigger phrases to display 
predefined messages on a monitor screen. 


nize 36 canned, isolated words arranged in four subvo- 
cabularies. The VCS1000 comes with a Shure SM10 
noise-cancelling headset for vocal data entry. It com- 
municates with a host through an RS-232C interface 
and runs from a 100V ac wall-mount power supply. 
Some of the words that you can prompt the system 
to recognize are forward, up, down, on, off, left, right, 
and backward. For security-system applications, the 
Voice Sentry system recognizes the following words: 
help, police, fire, ambulance, intruder, rape, and neigh- 
bor. Both systems cost $1295. 

Voice Processing Corp has developed a technology 
that can recognize continuous, conversational speaker- 
independent speech over the PSTN. The VPC1000 
technology separates speech into phonetic blocks and 
recognizes a 13 canned-word active vocabulary. It can 
recognize the digits 0 through 9, “oh,” yes, and no in 
remote-transaction applications such as credit authori- 
zation, catalog sales, and inventory status. If a cus- 
tomer is asked for a credit-card number over the tele- 
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phone, for example, he can recite the number 765321 
without pausing between digits. 

The manufacturer currently leases its software tech- 
nology to OEM computer manufacturers. It plans to 
have an IBM PC/XT- and PC/AT-compatible board for 
sale in the second quarter. The board will have an 
80386 wP and a TI TMS820C25 DSP chip for real-time 
processing. The board and accompanying software will 
cost approximately $5000. 


Shakespeare only used a 29,066-word dictionary 


A much more expensive system is the DS200 Speech 
Input Development System from Speech Systems Ine. 
The $49,500 speaker-independent, continuous-word 
speech-recognition system operates with a Sun 3 or 4 
workstation having a minimum of 4M bytes of main 
memory and 13M bytes of disk-storage space for pro- 
gram storage. The system comes with a standard dic- 
tionary that contains the phonetic spellings, or pronun- 
ciations, of 35,000 English words. It also includes sev- 
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The Power Of Our Data Link 
DLI1000™ Leaves The Competition 
In The Dust. 


All other data link systems get left 
behind when you compare them to the 
remarkable new Data Link system from 
BT&D™: DL1000™—with both FDDI and 
point-to-point capability. The best- 
designed system to get your fiber optic 
data transmissions through. 

Our Data Link transmitters are more 
reliable because they’re far more power- 
ful, featuring an ELED power source 
with more launch power than the com- 
petition: -15.5 dB. And at the heart of 
our Data Link receiver is a PIN diode that 
offers excellent sensitivity, -34 dB. 

The combination of our transmitter and 
receiver offers a loss budget of -18.5 dB 
that virtually guarantees your signal will 
go through. 

Our Data Link System outperforms 
everyone else’s because it’s been 
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created by our proprietary MOVPE 
process. The DL1000s are the first ever 
to come in a plastic package for eco- 
nomical production. And both offer greater 
design flexibility because they're in an 
extremely small 14 PIN package. 

All this is possible because we're 
BT&D. Our parents are British Telecom 
and DuPont—coupling the experience 
of an optoelectronic pioneer with the 
expertise of a world-famous materials 
and manufacturing innovator. 

Discover why our Data Link system 
blows the competition away. Call us at 
1-800-545-4306. 


USA Far East Europe 
Wilmington, DE Yokohama, Japan Ipswich, England 
800-545-4306 (045) 593-4850  +44-473-42250 
302-479-0300 
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TECHNOLOGIES 
A New Direction in Optoelectronics. 
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An operator using a word processor can use 
the keyboard to enter text and a microphone 
to input commands such as “Indent” 
or “Bold.” 


eral generic male and female speaker models, which 
have varying pronunciations or dialects such as “data” 
or “dater.” The system also provides the operator with 
the capability of developing new words using a training 
sequence. 

The DS200 comes with an external subsystem, called 
the Phonetic Engine, that communicates with the host 
at 9600 baud over an RS-232C link. Before using the 
voice-input system, an operator must load the Phonetic 
Engine with an appropriate speaker model. The Pho- 
netic Engine then accepts connected speech from an 
operator using a microphone to generate a string of 
phonetic codes to the host. 

The resident software in the host lets you create a 
syntax to define which dictionary words should be ac- 
tive at a particular time. Deana Murchison, marketing 
communications manager for Speech Systems Inc, 
claims that developers have created vocabularies hav- 
ing as many as 3000 active words. The software uses 
the syntaxes and dictionary, along with several co- 
articulation rules, to recognize connected speech. The 
co-articulation rules ensure that expressions such as 
“did you” and “diju” have equal candidacy. 


Field-trainable products are available 


All of the speech-recognition products discussed up 
to this point—notwithstanding the category or method- 
ology—use algorithms that rely on the frequency pa- 
rameters in a sampled speech waveform. They usually 
store templates containing frequency vectors gener- 
ated by FFT, LPC, or Cepstrum analysis. 

Scott Instruments Corp takes a markedly different 
approach. The company’s SIR Model 20 comes with a 
template of utterances created by people with various 
accents and dialects to facilitate speaker-independent 
recognition. The recognition algorithm uses autocorre- 
lation techniques to determine the best match between 
a waveform of an entire spoken phrase and the wave- 
form of the nearest stored utterance. 

The $1495 SIR Model 20 consists of an IBM PC/XT- 
or PC/AT-compatible plug-in board and software that 
can recognize as many as 75 active speaker-independ- 
ent isolated words from a total-recognition vocabulary 
of 200. Each utterance requires a 250-msec pause. All 
of the recognition templates and software are on the 
plug-in board so that the system doesn’t occupy any 
of the host’s main memory. It’s also possible for an 
operator in the field to train the system. 
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Speaker-recognition products are not perfect, but 
neither are humans. All of the manufactures claim a 
recognition accuracy above 95%; some claim an accu- 
racy greater than 99%. These statistics depend heavily 
on the application, the active vocabulary, and the back- 
ground noise present in the environment. More impor- 
tantly, the performance of speech-recognition products 
is constantly improving. Whereas products with 80% 
accuracy were typical three or four years ago, all of 
today’s commercial manufacturers claim that accura- 
cies in the low 90% region are unacceptable. 

At present, commercially available speech-recogni- 
tion systems operating in noisy factory or office envi- 
ronments can easily meet the OSHA requirements of 
85 dB using noise-cancelling microphones and proprie- 
tary algorithms. You should also keep in mind that the 
performance of these products improves when the 
training process takes into account the background 
noise expected during normal operation. For the 
reader who wishes to investigate the techniques gener- 
ally employed in speech recognition, Ref 1 is an excel- 
lent source. Even though the talking typewriter is a 
number of years away, today’s speech-recognition de- 
vices are providing realistic solutions for many data- 
entry problems. EDN 
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Our Bt458 set the standard 


for workstation color graphics. 


Now we say "standard" is not 


Question authority. Challenge the status quo. And flex your 


A display 


creative muscles. . 
of brilliance— 


Why? Because it’s up to you to take computer graph- 
that’s the least 


ics to the next higher plane. 
Which brings us to our legendary :i¢h}:4 the industry 
standard triple 8-bit RAMDAC. For our many customers 


we expect 


from you. 


who have based successful workstation graphics systems 
on the Bt458, [tr now offer a plastic package, the new 
EXER TGAwith a drastic reduction in power dissipation 
from the original. 


But why be conventional? Go for greatness. 


It gives you 256x24 color palette RAM with 16x24 overlay 
color palette, programmable multiplexing of the pixel and 
overlay ports, and bit plane masking and blinking. 

Plus the [Ul] provides 1x to 16x integer zoom sup- 
port, panning support, cursor control and easy customiza- 
tion of frame buffer dimensions. Imagine the possibilities. 

(If all this doesn’t get your creative juices pumping, 
you better move into management.) 

Or, you may want to explore true color graphics, 
using our[:{¢Gy4 RAMDACS. Unless of course 

you’re of a more radical nature and prefer 
using 170 MHzi}ea with five times the 
color palette. 


Design in the latest wave in RAMDACs instead— 


The point is, if you want to design 


our new 135 MHz Zk 
ThejZ¢Jenables you to stretch the envelope. 


insanely great workstation graphics, we've got 


your weapons. 


e VGA standard. 


First we met it. 


VGA is VGA is VGA. Unti/ you look at it from our point 
of view. 

We would be happy to sell you our new It’s a 
low-cost VGA RAMDAC in a 28-pin DIP, pin compatible with 
the IMSG171. Customers who have evaluated the Bt476 
have made it their second—or p//mary—source for exist- 
ing VGA designs. 

We would rather challenge you to consider the future 
of VGA. Because that’s exactly what we’ve given it—a 
future, with a pin compatible family of VGA RAMDAC 
alternatives. 

Start with our EYZYZ} in a 44-pin PLCC, for added 
performance in a smaller footprint, SMT package—at the 
same price as the 28-pin DIP. 


Then we topped it 


We paint 


our Masterpieces 
in silicon—to 


inspire yours. 


Then differentiate your system with higher resolution 
and increased functionality. Our pin compatible 
256x18 RAMDAC gives you higher performance and a color 
overlay palette. And the[i}zyz4—in the same 44 pin PLCC— 
gives you triple 8-bit DACs, up from 6 bit. So you can 


' Or break into true color VGA today with our 
7 It gives you the option of full VGA com- 
patibility or full 24-plane color capability. 
. Sure, these alternatives demand that you stretch 
the current VGA standard. But isn’t that what standards 
are for? 

Designers of the world, unite—with Brooktree. 
We’re your full-line supplier of RAMDACs, and all the 
motivation you need to develop world-beating solutions. 


Brookiseee 


a 


n any discipline,there are 


followers and there are leaders. 


quality desktop presentation graphics? 


Why restrict yourself to 256K visible colors when the 
24-bit wide Bt473 gives you 16 million colors to work 
ith. It's the smart way to get true 35mm slide quality 
graphics. Or achieve 24-bit wide pseudo color using 
the Bt478. 


GQ Is an 18-bit wide color palette really enough for 


‘6 Anti-aliasing images at a small incremental cost? 


By It’s possible. Stick with your 640x480 VGA monitor 
a and use the Bt473. Its anti-aliasing capability provides 
full true color display without having to upgrade 
monitors. 
How do you handle D-size monochrome drawings 
and high-res color graphics in the same system? 
Q With the Bt459. Its block mode gives you software 


selectable virtual resolution. Just unfold the color bit 
PALETTE 640 1024 1280 1600 


planes—starting at 1280x1024x8—to customize the 
frame buffer to your application. And since the Bt459 
fully supports panning, it enables you to move over 
an image as large as 5120x2048x1. 


PART SIZE x480  x768 x1024 = =x1200 APPLICATIONS 


Lite 


"s more meaningful for'!the latter. 


0 Pan and zoom? 
Also fully integrated into the Bt459. We use pixel 


A replication techniques to provide cost effective zoom, 
, 1x to 16x. 


How do you cope with multiple applications run- 
ning simultaneously in a window environment, 
(gear requiring its own 256 word color palette? 


The Bt461 does windows—up to five of them dis- 
layed at a time, each with their own color palette. Or 


p 
rd i can have a 1024 word palette for pseudo color 
graphics with an alternate 256 word gammaz-corrected 


true color palette. 


¢ What's the best way to support cursors? 


start with our Bt431 for a single 64x64 user definable 

Cursor, designed to talk to the overlay ports of all our 
<2 high speed RAMDACs. Or take a more integrated 

approach with the Bt459’s user-definable cursor. It 
provides you a 64x64x2 bit map to play with. So you 
can create a 3-color cursor or an X windows 2-color 
Cursor. 


Bt450 ~—- 16x12 - - Low-end 16-color graphics terminals Brooktree 
Bt451 206x12 iv - Pin compatible, industry standard 
Bt457 = 256x8 v v family for high resolution workstation - tio 
BY458 —_256x24 oo graphics As 

ae 
Bt459 = 256x24 4 ir Next generation workstations We challenge you to be creative. And we provide 
Bt453 —s-: 25 6x4 > y Macintosh compatible the fuel to fire your imagination. Nobody offers 
Bt454 = 16x12 a - iv High-end 16-color graphics terminals MORSE eared OTe: DEFOMMNANED -CpiOMs Ot 
ee functional possibilities. For complete product 
Bt461 1280x8 iv r i Next generation workstations 


Bt471 = 256x18 
Bt476* — 256x18 
Bt478 = 256x24 


AAA 
YAN 


Bt473. — 256x24 ad v 


* Bt476 also available in 28-pin DIP 


Pin compatible family for PS/2 
VGA graphics in 44-pin PLCC 


True color VGA graphics 


details on any or all of these products, or if you dare 
wear one of our “Question Authority” buttons, call | 
Brooktree Corporation, 
9950 Barnes Canyon Rd, San Diego, CA 92121. 
TLX 383 596 


‘TM A TRUE BELIEVER 
IN THE POWER 
OF EDN MAGAZINE.” 


Robert E. Sanders 
Manager, Marketing Communications 
Rogers Corporation 


Bob Sanders is a pro at marketing materials and 
components for Rogers Corporation, a worldwide leader 
with divisions from Connecticut to Arizona. To do the 
best job, he uses EDN magazine. 


How come? 


“EDN never fails for us. The magazine is targeted to 
markets we want to reach, like industrial controls and 
telecommunications. The result is unsurpassed inquiries 
for sales lead follow-up.” 


Sanders has seen it time and 
again. That’s why EDN mag- 
azine makes his schedule 
every time. “We've advertised 
in EDN for well over a e oe 
decade, and whether our — = 
budget is large, medium or oo 
rather small, EDN magazine 
is consistently right there 

_ pulling for us.” 
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Advertising in EDN magazine works for 
Rogers Corporation. It can work for you. 


Where Advertising Works 
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Signetics CMOS microcontrollers— 
now you can choose an 80C51 

_ derivative that fits your price/ 

' performance requirements. 

_ Macro choice! You no longer have to accept 
_ less performance than your design requires, 


or be forced to use devices with more 
features and functionality than you need. 


_ Signetics has more 80C51 derivatives than 
any other supplier. We make it easy for 
you to choose the device that most closely 
~ conforms to your specific needs. 


Macro choice! ROM, UV, EPROM and OTP. 
Only Signetics offers just the nght type of 
program storage for your stage of produc- 
tion. Most of our 80C51 derivatives are 
available in UV EPROM versions for design- 
in and prototyping, OTP EPROM for low- 
volume production and masked-ROM for 
lowest cost at high volumes. 


‘Macro choice-a first 
in micro control 


Macro choice ...and mega support! 
Now your CMOS microcontroller designs 
can migrate over a wide range of memory 
sizes and feature sets that all have the 
same 80C51 architecture and instruction 
set. And all are supported by Signetics 
development systems and third party 
programmers. 


For macro choice—we've got the guts! 
That’s right, we have those essential micro- 
controllers you need to improve total sys- 
tem performance. Take advantage of the 
largest choice of 80C51 derivatives avail- 
able from a single supplier in commercial, 
industrial and military temperature ranges. 


Get your design under control now! 

Call Signetics at (800) 227-1817, ext. 990D, 
for a free Microcontroller Information 
Packet. For surface mount and military 
product availability, contact your local 
Signetics sales office. 


One standard. QO defects. 
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THREE AST IMPROVEMEN 


Forget everything you know about 
analog ASICs and consider the 
performance you ll gain from 
our DataLinear Division's 
new SP1104 analog array: 
speed, precision, and density 
all in one chip. 

The SP1104 uses our DI (Dielectric 
Isolation) process, so you can forget about par- 
asitic junction-isolation effects like latch-up. You 
can also forget about the design limitations 
imposed by low performance PNPs. Our SP1104 
uses full-complementary, high-bandwidth, 
vertical NPN (F,=1 GHz) and PNP (F,=600 
MHz) transistors, both without collector- 
connection restrictions. 

And forget about the problems of tem- 
perature tracking and precision. Our SP1104 uses 
low temperature-coefficient (100 ppm/°C), ni- 


chrome, thin-film resistors and they re even 
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laser-trimmable, down to .01% ratio 
matching, for that extra 
measure of precision. All 
this with a max voltage up 
to 35V. 

And forget about the 
tedium of transistor-level designing. 
Our growing macro-cell library already 
includes op-amps, comparators, references, and 
transimpedance amplifiers. And finally, forget 
about another expensive software investment. We 
interface with industry-standard simulation pack- 
ages, like P-SPICE and H-SPICE, and our layout 
package can run on any GDS II compatible 
workstation. 

For a detailed description of the SP1104 
and a copy of our 1988 product catalog, call 1-800- 
272-1772. In Massachusetts, call (508) 663-7811. 
Or write Sipex Corporation, DataLinear Divi- 
sion, 491 Fairview Way, Milpitas, CA 95035. 
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op-amp rae dback 
circuits 
Part 1 


Feedback plots 
offer insight into 


operational amplifiers 


Many engineers will benefit from a 
discussion of feedback effects and the con- 
struction of feedback plots for operational 
amplifiers. Part 1 of this series limits tts 
discussion to single-stage amplifiers. Part 
2 will conclude with an examination of 
multistage and composite amplifiers. 


Jerald G Graeme, Burr-Brown Corp 


Feedback plots simplify the analysis of an op amp’s 
closed-loop ac performance by showing bandwidth and 
stability conditions as a function of the op amp’s gain 
and phase response. These plots also provide insight 
into noise performance and the special feedback re- 
quirements of circuits such as integrating converters 
and photodiode amplifiers. 

Engineers routinely use Bode plots (Ref 1) to deter- 
mine the bandwidth and frequency stability of voltage- 
gain op-amp circuits. A Bode plot provides a visual 
representation of an op amp’s transfer response and 
its potential stability. Moreover, such plots define the 
circuit’s pole and zero locations at the intercepts of the 
response-curve extensions. 

The Bode plot of Fig 1, for example, shows the 
interaction of the magnitude response of the open-loop 
gain (lAl) and the reciprocal of the feedback factor (1/8). 
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The fraction of the output that feeds back to the input 
is ®. The voltage-divider action of Fig 1’s feedback 
network determines the value of 8; for moderate resis- 
tance values, B=Rj,/(R,+ Re). For this noninverting 
example, the feedback equation, Acy,= A/(1+ AB), de- 
fines the closed-loop voltage gain. AB is the loop gain, 
and where it is high: 


AcL~1/B8 =(R1 + Ro)/R}. 


AB represents the amplifier gain available to main- 
tain the ideal closed-loop response. At the point where 
the loop gain no longer matches the feedback demand, 
the closed-loop curve deviates from the ideal. The Bode 
plot graphically defines this limit by plotting the 1/8 
curve with the gain-magnitude response curve of the 
op amp. Because the 1/8 line represents the feedback 
demand, closed-loop requirements will be satisfied as 
long as this line is below the amplifier-gain curve. 
Where this condition is no longer true, the actual re- 
sponse drops, following the amplifier’s open-loop re- 
sponse downward. The rate of descent for the roll-off 
is — 20 dB/decade (for most op amps) and is characteris- 
tic of a single-pole response. In Fig 1, the heavier line 
on the gain-magnitude plot depicts the resulting closed- 
loop curve. 


Back to basics 


For a basic voltage-gain amplifier, the location of 
the fp pole determines the closed-loop bandwidth. In 
this case, a single-pole roll-off determines the point at 
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Bode plots add a visual representation of 
the op amp’s transfer response and provide 
information on gain, phase, and noise 
characteristics. 


which the gain magnitude goes below 3 dB (equivalent 
to 0.707 of its low-frequency level). To find this point 
relative to the Bode plots, rewrite the closed-loop gain 
as 


Ac. =(1/B/(1/AB + 1). 


The bandwidth-defining gain error is a result of the 
1/AB term in the denominator. Because 8 is constant 
for the circuit in Fig 1, the amplifier gain (A) deter- 
mines the frequency dependence of the loop gain. For 
a typical op amp, the gain-bandwidth product is con- 
stant after the first break frequency occurs and when 


fy ip 
ej 14+1/AG 


Fig 1—This feedback analysis provides a summary of loop condi- 
tions in the 1/B curve and defines the underlying poles, zeros, and 
phase shift. 
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A~jf./f=jlAl and where f, is the amplifier’s unity-gain 
crossover frequency. For this common condition, 


Ac. =(1/B)/( + 1/GIAIB). 


The bandwidth is defined in terms of the absolute value 
(magnitude) of Acz: 


lAcr]=(1/B)/V (1 + 1/dARPB2)), 
which, at the —3-dB point, becomes 
AcrI=0.707(1/B) = (1/B)/V2 


Comparing the last two expressions, you can see that 
the —3-dB bandwidth occurs when |Al= 1/8. This equal- 
ity is true when the gain supply drops to the exact 
level of the feedback demand. When you plot these 
two functions on the same graph, they reach equality 
at the intersection of the two curves. This intercept 
pinpoints the closed-loop pole location and defines the 
circuit bandwidth for the voltage-gain amplifier. 


When it comes to stability 


This critical intercept point also exhibits other char- 
acteristics that can help you define conditions for fre- 
quency stability. By relating the phase shift to the 
slopes of the gain-magnitude and 1/8 curves, you can 
determine the loop phase shift at this intercept. Again, 
the importance of the intercept is apparent from the 
closed-loop-gain expression, Acy,=A/(1+ AB). If AB 
becomes —1, the closed-loop gain will be infinite and 
will support an output signal even in the absence of 
an input signal, which is a condition for oscillation. 
The magnitude of AB is unity only at the intercept 
point because it is at this point that A =1/B; a negative 
polarity for AB only requires 180° phase shift. 

Virtually every practical analog circuit is a minimum- 
phase system. For such systems, which have only left- 
half-plane poles and zeros, you can directly read the 
phase shift from the gain-magnitude response (Ref 2). 
Although many op amps do have a right-plane zero 
caused by Miller phase compensation, the effects of 
this zero are suppressed below the unity-gain cross- 
over. For the case of a minimum-phase system, a pole 
creates a —20-dB/decade response roll-off and a —90° 
phase shift; a zero produces the same effects but with 
opposite polarities. Additional poles and zeros simply 
add to the response slope and phase shift in increments 
of the same magnitude. 
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Relying on the feedback phase shift’s correlation 
with the response slope, you can determine its value 
at the critical intercept from the gain-magnitude and 
1/8 curves. For the example of Fig 1, the gain- 
magnitude curve has a slope of —20 dB/decade and 
the 1/8 curve has a zero slope for a net 90° feedback 
phase shift at the intercept. This situation leaves a 
phase margin of 90° out of the 180° that is needed to 
cause oscillation. Because the intercept is well removed 
from the open-loop-response break frequencies, the 
analysis of this example is easier to understand. The 
intercept occurs after the amplifier’s first pole develops 
the full 90° phase shift, but well before the second pole 
has any effect. 


Maximum error is 5.7° 


In cases where the intercept is less than two decades 
from a response break, the Bode approximation of the 
phase shift shows a linear slope that has a maximum 
error of 5.7° (Ref 1). For Fig 1, the phase-shift approxi- 
mation starts at 0° one decade before the break fre- 
quency f,. From there, it increases linearly on the log 
scale to 45° at the break frequency and then to 90° one 
decade above it. 

Using this approximation, you can combine the sta- 
bility criteria for loop-gain magnitude and feedback 
phase shift to obtain the rate-of-closure indicator. 
Rather than computing phase shifts from slopes, you 
can use this indicator to deal with the slopes directly. 
Rate-of-closure is simply the difference in slopes of the 
gain-magnitude curve and the 1/8 curve when they 
intercept. This difference reflects the combined phase 
shift around the feedback loop. For Fig 1, the rate-of- 
closure is 20 dB/decade, which corresponds to a stable 
90° phase shift. 


“ = 
Gy = ~ 7. e 
FOR |A|>>1/8 AND Z,;>>2Z,||Z2 
WHERE Z; = Ril|Cial|Cicm 


In other cases, the slope of the 1/8 curve is not zero, 
giving a 40-dB/decade rate-of-closure that indicates an 
oscillatory 180° of phase shift. Rate-of-closure alone is 
an exact stability indicator where the intercept is at 
least two decades away from all other break frequen- 
cies. In still other cases, the Bode phase approximation 
modifies the rate-of-closure result. 


Feedback network needs its independence 


To use feedback relationships to perform circuit 
analysis, you should consider the feedback network 
separately. This separation parallels the nature of the 
op amp’s open-loop gain, which is a characteristic of 
the amplifier in the absence of the feedback network. 
You only need to retain the loading effects between 
the amplifier and the feedback network to determine 
their individual responses (Ref 2). Then, by putting 
the two responses on the same plot, you can see how 
they will work together. 

Fig 2 shows a generalized feedback condition defined 
by Z, and Zg. The equations of Fig 2a directly deter- 
mine the circuit response for high loop gain and moder- 
ate impedances. Nonetheless, the input impedance of 
the amplifier alters the simplified results of these equa- 
tions by shunting the feedback network. The inclusion 
of this loading effect on the feedback network com- 
pletes the 1/8 analysis in the circuit of Fig 2b. Here, 
the op-amp input resistance (Rj), differential input ca- 
pacitance (Cjqg), and common-mode input capacitance 
(Ciem) all shunt impedance Z;. Except for conditions 
where the feedback impedances have low values, you 
need to include these amplifier characteristics in your 
analysis. 

Where there is impedance in series with the ampli- 
fier’s noninverting input, you must add this too—along 


WB = ele; 
LOG 1/8 = Vpp(0) — Vps(i) 


Fig 2—To determine the 1/8 curve for the generalized circuit of a, you can draw a voltage-divider circuit that represents the feedback 


network and the shunting effects of the amplifier input (6). 
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The feedback network’s voltage-divider 
action determines the feedback factor, which 
interacts with the open-loop gain to generate 
the overall circuit response. 


with the shunting effect of the input’s Cian capacitance. 
You can then find the feedback factor from the divider 
action, e;/ep. For the 1/8 curve, this result is inverted 
and, in the logarithmic format of computer simulations, 
becomes simply VDB(o)— VDBQG). By adding this 
curve to the plot of the amplifier’s gain-magnitude re- 
sponse, you can display the characteristics of the criti- 
cal intercept for subsequent feedback interpretation. 


Gain departures deserve consideration 


The 1/8 curve also communicates performance infor- 
mation across the entire response range of the op amp. 
For example, it displays loop gain, which provides an 
indication of gain accuracy vs frequency and the ulti- 
mate bandwidth limit. Furthermore, the 1/8 curve 
demonstrates that the circuit’s signal bandwidth can 
be different from its noise bandwidth. Note that the 
previous feedback-network analysis returns Z to 


C} 2200 pF 


LOG |A| 


CLOSED-LOOP ——» 


RESPONSE CONTINUED 


NOISE GAIN 


Fig 3—Highlighting the difference between closed-loop gain and 
noise gain, this inverting op-amp configuration demonstrates the 
greater bandwidth that is often available to amplifier noise. 
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ground as it would in a noninverting op-amp configura- 
tion, even though the op amp shown is in the inverting 
mode. 

Underlying the difference between noise and signal 
bandwidth is the concept of noise gain, which is the 
source of some of the more common op-amp application 
problems. For any given feedback network, the invert- 
ing and noninverting configurations develop signal 
gains that differ in magnitude as well as in sign; never- 
theless, the feedback conditions remain the same. In 
both cases, your feedback analysis is concerned with 
the gain-error voltage developed between the op-amp 
inputs. This error signal always receives the gain of 
the noninverting connection, as you would see if you 
performed superposition analysis. Superposition of the 
signal between the amplifier inputs grounds the signal 
source, producing the noninverting configuration. 

The same condition holds true for the input voltage 
noise of an op amp, resulting in the noise-gain charac- 
teristic for the 1/8 curve. In practice, the noise gain 
and the 1/8 curve are the same—until they intercept 
with the gain-magnitude curve. After that, the noise 
gain rolls off with the amplifier open-loop response but 
the 1/8 curve continues on its path. For the nonin- 
verting voltage amplifier, the noise gain and the closed- 
loop gain, Acyz,, are the same. 


Watch out for surprises 


In inverting configurations, this correspondence does 
not hold true, giving rise to frequent surprises during 
attempts at noise filtering. The simplest case of the 
inverting amplifier, where it is common practice to 
bypass the feedback resistor, serves to illustrate the 
inverting relationship (Fig 3). Bypassing the feedback 
resistor is intended to limit noise bandwidth, and it 
does indeed remove noise presented as an input signal. 
However, the circuit will continue to pass amplifier 
noise across the entire op-amp bandwidth. C¢ shunts 
the signal supplied through R, for the desired lowpass 
roll-off of the op amp’s e,/e; response. To the op-amp 
noise voltage, en, Cp merely presents the unity feed- 
back of a voltage-follower. Noise gain drops to unity 
but continues out to the open-loop roll-off of the op 
amp. This leveling off of 1/8 also shows why the op 
amp must be unity-gain stable, even though the circuit 
gain has been rolled off well below the amplifier re- 
sponse. With 1/8 following the unity gain axis, the 
critical intercept occurs at fo. 

While the continued noise gain is at a lower level, 
it covers much of the amplifier bandwidth, which can 
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result in a dramatic increase in output noise. For exam- 
ple, if you’re using the 2-MHz Burr-Brown OPA111 
shown and choose Cr to obtain a 2-kHz roll-off, only 
0.1% of the amplifier bandwidth will be enclosed in the 
intended system response. Although the logarithmic 
scale of the frequency axis may be visually deceptive, 
the remaining 99.9% of the bandwidth is still available 
to the amplifier’s voltage noise. For an initial gain of 
10, the output noise that this amplifier produces is 
more than doubled by the bandwidth effect. Many ac- 
tive-filter configurations are subject to the same limita- 
tion. 

The only way to avoid excessive noise bandwidth is 
to restrict the frequency range of the op amp. By doing 
so, the control of the noise response switches from the 
1/8 curve to the amplifier roll-off. Where the op amp 
has provision for external phase compensation, this 
control is a simple matter and permits you to remove 
bandwidth from signal and noise alike. However, be- 
cause most op amps lack an external-phase-compensa- 
tion facility, passive filtering within the feedback loop 
offers a broader solution (Ref 3). Such filtering intro- 
duces a capacitive shunt to ground following the ampli- 
fier but within the feedback loop. 

You can also demonstrate the extended noise band- 
width of an integrating converter using a feedback 
plot but, more importantly, the curves illustrate the 
dynamic-range limit for integrator-based instrumenta- 
tion. In Fig 4, the integrator 1/8 curve also levels off 
at the unity-gain line for continued noise gain out to 
where the op amp rolls off. Be aware that this action 
has far less noise significance for the integrator because 
of its increasing gain at lower frequencies. Integrators 
designed for operation to 1 kHz or even higher are 
generally unaffected by the added noise bandwidth. 

Nevertheless, the feedback plot for the integrator 
demonstrates a unique bandwidth limitation involving 
two critical intercepts. Not only does the 1/B curve 
intercept the gain-magnitude curve at the high- 
frequency extreme, but it does so at the low-frequency 
end as well. Each intercept indicates a lack of amplifier 
gain for support of the feedback and a departure from 
the ideal response. At the high end, the 1/6 curve and 
noise-gain level off, leaving Acyz, to continue as long 
as the loop gain lasts. Next, 1/8 intercepts the gain- 
magnitude curve at f, where the noise gain rolls off. 

This intercept is a high-frequency 3-dB point for the 
integrator response, which then usually rolls up rather 
than down. Upward response in this region is due to 
signal feedthrough caused by the feedback elements 
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1000 pF 


IDEAL 
RESPONSE 


RESPONSE ~ 


Fig 4—Defining the dynamic range for integrating data convert- 
ers, the integrator 1/8 curve displays upper and lower intercepts 
with the gain-magnitude response. 


in the absence of loop control. At the lower frequencies, 
the increasing gain demand encounters the de gain 
limit of the op amp. This intercept marks the second 
3-dB point for the integrator response, which sets the 
range for accurate performance. Both intercepts have 
a 20-dB/decade rate-of-closure, indicating stable opera- 
tion. 


Consider the gain error 


Between the two integrator-response limits is the 
usable dynamic range for dual-slope A/D and V/F con- 
verters. The gain error limits this dynamic range; the 
plots are a graphic representation of this error. The 
gain error is inversely related either to a circuit’s loop 
gain or the difference between the amplifier’s open-loop 
gain and the feedback demand of 1/8. On the response 
plots, the gain error is the vertical distance between 
the two curves. For the Fig 4 integrator, this separa- 
tion decreases following 1/8’s encounter with the unity- 
gain axis. From there, the separation finally reduces 
to zero at f.. The gain error then becomes the distance 
between the dashed continuation of the ideal integrator 
response and the actual Acy, response. Graphically, 
this distance is the source of the large-signal limitation 
for integrating converters where higher signals corre- 
spond to the upper frequencies. 

At the other end of the converter range, lower-level 
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For minimum-phase systems, you can 
directly read phase-shift information from 
the Bode plot of the op amp’s gain-magni- 
tude response. 


signals demand low-frequency integrator operation 
that encounters a similar limitation. Below the fre- 
quency of the op amp’s first pole, fp, the separation 
between the 1/8 and gain-magnitude curves again 
drops, signaling reduced loop gain. Moving further 
down in frequency, the 1/8 curve finally crosses the 
op amp’s de-gain level, and the actual response flattens 
again. For integrating-type converters, this action de- 
fines a range of performance that is accurate to within 
3 dB from f, down to the lower intercept. To extend 
the dynamic range, you move the lower intercept 
downward either with a lower integrator-time-constant 
or with boosted de gain. 

A higher accuracy dynamic range results from the 
unique loop-gain conditions of the integrator. The loop 
gain is constant for the integrator from fy to its unity- 
gain crossing. The gain error in this range is constant 
as marked by the uniform separation of the gain- 
magnitude and 1/B curves. You can compensate for 
such an error by making a fixed adjustment to the 


_ 


OPA128 | 


Cia = Cia +Ciem 


-—20 dB/DECADE 


Fig 5—Higher feedback resistances will react with the op amp’s 
input capacitance to produce a peaking effect, which the 1/B curve 
anticipates. 
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feedback network, leaving gain-accuracy bounded by 
the stability of the network. This limit permits you to 
adjust the more restricted dynamic range to 0.01% 
levels. For the OPA111 op amp and a 100-kHz integra- 
tor crossover frequency, this more precise dynamic 
range has a span of 100,000:1. 


Feedback factor may introduce surprises 


The previous discussion of the inverter and the inte- 
grator considered the feedback network independent 
of the amplifier input shunting. Although engineers 
frequently use this simplification, they often encounter 
unexpected results. Because of the feedback factor, 
most first-time users of op amps with large feedback- 
resistance values are surprised by the response curve. 
Transient-response ringing or even oscillation some- 
times occurs; the common cure is a capacitive bypass 
of the feedback resistor. The 1/8 curve can display the 
problem and provide some guidance in the selection 
of the bypass capacitor. 

Underlying the problem is the op-amp input capaci- 
tance’s effect on the feedback factor. By including this 
capacitance with the voltage divider formed by the 
feedback resistors, you can achieve the results of the 
1/8 curve in Fig 5. This curve rises at high frequencies, 
increasing the rate-of-closure and flagging the need for 
closer stability analysis. The phase margin drops as 1/8 
rises and, at the limit, goes to zero if the 1/8 rise spans 
two decades of frequency. Generally, the span is much 
smaller than that and the Bode phase approximation 
evaluates the actual conditions. The key to minimizing 
the effect on the feedback factor is the low input capaci- 
tance that the small input FETs of the OPA128 device 
provide. The net 3 pF of input capacitance leaves the 
response undisturbed until the parallel combination of 
the two resistors reaches 50 kf. 

The capacitive bypassing of Reg increases the high- 
frequency feedback, which counteracts the shunting 
of Cj, by leveling off the 1/8 curve. The selection of 
this capacitor is better illustrated by Fig 6’s photodiode 
amplifier. You can reduce the nonobvious bandwidth 
of this application to an equation. The circuit contends 
with diode capacitances at the input that can reach 
20,000 pF. As a result, the break in the 1/8 curve is 
generally far removed from the intercept, making the 
rate-of-closure analysis accurate without requiring any 
adjustment of the phase-shift approximation. 

Unfortunately, the bandwidth for the circuit of Fig 
6 is obscured by its function. Because its function is a 
current-to-voltage conversion, rather than simple volt- 
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Yes, finally! Precision in a small 
package. 


PMI's precision bipolar analog 
and CMOS converter product 
line is now offered in SMD. 
Write for our SMD brochure 
which lists the availability of 65 
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mount packages. 
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age gain, you cannot draw the signal-gain curve on the 
gain-magnitude response to estimate bandwidth. When 
you inspect the circuit to ascertain its bandwidth limi- 
tation, you'll see that the only inherent break fre- 
quency is that of the feedback resistance and the ca- 
pacitance of the input circuit. By plotting the 1/8 curve, 
however, you can see that the loop gain remains to 
support the ideal feedback condition far beyond the f; 
break frequency. 

Initially, the 1/8 curve is flat at unity because of the 
direct output-to-input connection of Re. When the feed- 
back is later shunted by Cp and Cj,, 1/B rises at a 
20-dB/decade rate. The transition between these re- 
gions occurs at 


fj = 1/2mRACp + Cia), 


where Cj, = Cig + Ciem- 

The intercept with the gain-magnitude curve marks 
the end of the response rise for the noise gain. This 
curve has a —20-dB/decade slope so, if left uncompen- 
sated, the rate-of-closure at the intercept will be 40 
dB/decade. Thus, the plot indicates two poles at that 
intercept frequency, fp. This intercept is the point at 
which there is no longer sufficient amplifier gain for 
the feedback-factor demand, and it indicates response 
roll-off independent of the op-amp function. Any ampli- 
fier function would then roll off with a slope equal to 
the rate-of-closure. 


Stability depends on phase compensation 


Because the rate-of-closure is 40 dB/decade, you 
should examine phase shift at the intercept to deter- 
mine the phase compensation necessary for stability. 
When the various break frequencies are well removed 
from the intercept, the rate-of-closure accurately re- 
flects 180° of phase shift for the uncompensated loop. 
To avoid oscillation and to achieve good damping char- 
acteristics, you must reduce this phase shift by at least 
45° through roll-off of the 1/8 curve. 

According to the Bode phase approximation, this 
phase shift is the amount of phase introduced at a break 
frequency. Choosing Cr to break with Rg at the inter- 
cept frequency, fp, yields 45° of phase margin. Accom- 
panying this phase condition is a 3-dB peak in the 
signal response, which for a 2-pole response pushes 
the —3-dB bandwidth out to 1.4f). For the OPA111 
and the feedback elements shown, the 3-dB response 
extends to 48 kHz. (You can extend this analysis to 
lower capacitance levels, and the common solution 


138 


44BHO5M 


fj = 1/27R(Cp +Cig) 
Cig = Cia +Cicm 


Cy = 1/2aRyfp 


-—40 dB/DECADE 


1/8 


Fig 6—A photodiode amplifier’s current-to-voltage function serves 
to obscure its bandwidth and stability, but you can rely on feedback- 
loop conditions to define its performance. 


mentioned above will still suffice—even for the high- 
feedback-resistance case of Fig 5.) 

As long as Cr breaks with Ry at the frequency of the 
intercept, the 1/8 rise contributes no more than 45° of 
phase shift. In the range where the op-amp phase shift 
is 90°, this rise leaves a stable 45° phase margin. Never- 
theless, as the op amp approaches its crossover fre- 
quency, fe, its contribution to phase shift moves toward 
135°. The rule of thumb for selecting C¢ remains valid, 
however, because any intercept near f. must be a result 
of a 1/B rise of short duration. The added phase shift 
of the amplifier, accompanied by a necessary decrease 
in feedback phase shift at the intercept, results in a 
net zero effect. By simple sketching of the phase ap- 
proximations for the 1/8 and gain-magnitude curves, 
you can show this transition. 


Simple, yet elegant 

To select the compensation capacitance, it is desir- 
able to reduce the graphical analysis to an equation. 
Luckily, the response plots provide an elegantly simple 
solution. Straight-line extensions of the 1/8 and gain- 
magnitude curves form a triangle with the horizontal 
axis. These extensions have equal but opposite slopes, 
which form an isosceles triangle. The peak of the trian- 
gle, located over the center of its base, lies at the 
average of the base end points. Mathematically, this 
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average point is equal to 
Log fp = (Log fj + Log f,)/2. 


Given the expressed logarithmic nature of the fre- 
quency axis, you can reduce this relationship to the 
simple geometric mean of the two characteristic fre- 
quencies: a 

f= VEXE, 


where fj=1/2mRACp+ Cigt+ Ciem), and f. equals the 
unity-gain bandwidth of the op amp. 

For a third input-circuit effect, the 1/8 curve demon- 
strates stable conditions where typical gain and phase 
plots would point to oscillation. In addition to input 
capacitance, op amps have input inductance; this com- 
bination produces a high-frequency resonance. The in- 
ductance is small but inescapable, being associated 
with internal input wires and being compounded by 
external wiring. 


When it comes to high frequency... 


For very high-frequency amplifiers, like the OPA620 
video amplifier of Fig 7, sufficient amplifier gain exists 
at the resonant frequency to give the appearance of 
zero gain margin. A comparison of the output signal 
(€9) with that at the summing junction (e;) produces 
the plot’s gain and phase responses. Following unity 
crossover, the gain curve rises again above the unity 
axis; this rise generally guarantees oscillation for lower 
gain levels. Adding to stability concerns is the phase 
plot, which swings wildly through 180° during the gain 
peak. 

By adding the 1/B curve to the plot, you can see 
that this curve does not intersect the gain peak but 
merely rides over it. Without an intercept there is no 
oscillation, regardless of the phase shift, because the 
loop gain is insufficient. Loop-gain demand rises in 
synchronization with the gain peak because the reso- 
nant circuit also alters the feedback network. 

In many cases, the gain peaking results from condi- 
tions in the amplifier output rather than from the input 
circuit. In such a case, no corresponding modification 
of feedback occurs, and an intercept and oscillation 
result. However, for Fig 7, the gain margin remains 
high, as you can see by the separation between the 1/8 
curve and the gain response when the phase reaches 
180°. This separation remains large throughout the re- 
gion of higher phase shift, indicating good relative sta- 
bility. EDN 
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NOISE GAIN 


Fig 7—Although amplifier gain and phase plots suggest instabil- 
ity, the 1/B curve shows stable conditions for a circuit with input-lead 
inductance. 
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KNOW-HOW, EFFICIENCY 

AND RELIABILITY 

DON'T ALWAYS MAKE 
A LOT OF NOISE... 


THEMIS : FIVE YEARS’ EXPERIENCE IN VME-CARDS 


Belonging to a large French industrial group, we have taken part in the elaboration of the VME-card. 
We have thus acquired a unique experience in industrial cards. 


THEMIS : SOLUTIONS THAT WORK, SOLUTIONS THAT ARE ALWAYS SUITED 


Based on 32 bits CPU, we have developed a complete range 
of intelligent couplers specifically aimed at your industrial applications: 
robotics, graphics, communications, signal processing, etc. 


Mastering UNIX, 0S/9, and pSOS have made us 
the unquestioned specialists in real-time (UNIX/pSOS link). 


THEMIS : INDUSTRY'S SPECIAL PARTNER 


From definition all the way up to on-site integration, our teams of engineers will always be there 
to discuss with you to make sure that the achievements and reliability of your applications 
are optimised. 
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TOKIN TECHNOLOGY UPDATE 


ore Card Reader, Le 


It’s here. The designer's 

dream. A motorized card 
reader so small, so compact, 
so lightweight, youcan design —_ to design more compact mag 


and needs. Units like the 
MCI-111 with full readable 
configuration, and the com- 
pact MCS-135/146 with ten- 
sion bar to provide improved 


it into any system you dare netic card systems thanever head stability. Each Tokin credit authorization 

imagine. before. card reader/writer features terminals, ID checkers 
Tokin’s new MCA-1601 But Tokin doesn’t stop original F2 decoder ICs and —_ and POS terminals. 

boasts the kind of impeccable there. Our power lineup of exclusive magnetic heads for Whatever you're looking ~ 

design that only Tokin, with card readers and writers superior performance overa for in a card reader/writer, 

afull half-century of magnetic offers the perfect choice for range of applications includ- —_ Tokin delivers improved 

engineering achievements, avast range of specifications ing strip card readers for performance and flexibility, 

can produce. and the opportunity to design 


The MCA-1601 overcomes 
card readers’ biggest draw- 
back—size. Slim (46mm) and 
lightweight (700g), it gives 
you the power and flexibility 


Manual magnetic card reader/writer unit 


3554 ral 


Motorized magnetic card reader/writer unit 


card systems that match your 
most demanding specifica- 
tions. Check us out. 


Compared with conventional Tokin models. 


Tokin Corporation 
Hazama Bldg., 5-8, Kita-Aoyama 2-chome, Minato-ku, Tokyo 107, Japan 
Phone: 03-402-6166 Fax: 03-497-9756 Telex: 02422695 TOKIN J 


Tokin America Inc. 

155 Nicholson Lane, San Jose, California 95134, U.S.A. 
Phone: 408-432-8020 Fax: 408-434-0375 

Chicago Branch 

9935 Capitol Drive, Wheeling, Illinois 60090, U.S.A. 
Phone: 312-215-8802 Fax: 312-215-8804 


TOKI 


Tokin Electronics (H.K.) Ltd. 


Room 806 Austin Tower, 22-26A Austin Avenue, 
Tsimshatsui, Kowloon, Hong Kong 

Phone: (3) 679157~9 Fax: (3) 7395950 

Taiwan Liaison Office 

5th Fl., No.9, Alley 9, Lane 123, Sec.3 Jen Ai Road, Taipei 
Phone: (02) 7714354 Fax: (02) 7217051 


Munchen Liaison Office 

ElisabethstraRe 21, 8000 Munchen 40, Bundesrepublik Deutschland 
Phone: (089) 271 75 22 Fax: (089) 271 75 67 

Telex: 5 24 537 tokin d 


You can reach our agents by phone: Denmark (03) 63-3830; France (1) 45-34-7535; Italy (0331) 67-8058; Spain 729-1155; Switzerland (01) 830-3161 
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FIRST RIGHT ANGLE SURFACE 
MOUNT L.E.D. OFFERS SPACE 
ECONOMY AND EASY VISIBILITY. 


Industrial Devices, Inc. (IDI) 6200 
Series Right-Angle LED for surface 
mount assembly. Subminiature se- 
ries Is 6mm high and withstands tem- 
peratures of near-IR or vapor phase 
reflow. Available in red, green and 
yellow high-brightness, low (2mA) 
current, 5V (built-in resistor) and 5V 
low current models. Contact Indus- 
trial Devices, Inc., 260 Railroad 
Avenue, Hackensack, New Jersey 


07601; (201) 489-8989, FAX (201) 


489-6911. 


I.D.1. L.E.D. INDICATOR LIGHT 
SYSTEM MIXES VERSATILITY AND 
CONVENIENCE 


Industrial Devices, Inc. (IDI) 4741 
Series (low profile)/4751 Series (high 
profile) LED Indicator Light Systems. 
system consists of low or high profile 
polycarbonate lenses with retainer 
clip, high-efficiency LED, and Bi-Pin 
socket for PC board mounting. Free 
sample available. Contact Industrial 
Devices, Inc., 260 Railroad Avenue, 
Hackensack, New Jersey 07601; 
(201) 489-8989, FAX (201) 489-6911. 


y Industrial Devices, INc. 
“Ty 260 Railroad Avenue 


Hackensack, New Jersey 07601 


EDN January 19, 1989 


1.D.1.’s OIL AND WATER TIGHT 
INDICATOR LIGHTS FOR HARSH, 
DAMP INDUSTRIAL ENVIRONMENTS. 


Industrial Devices, Inc. (IDI) 6000 
series Oil/Watertight Indicator 
Lights. Fully gasketed and meets 
NEMA Class 13 industrial require- 
ments. Impervious to lubricating oil, 
mist, rain, water or laundry deter- 
gents. Neon in red, green and amber 
for 125 or 250 VAC. Solid-state ver- 
sion for 12 or 24 volts. Free sample 
available. Contact Industrial De- 
vices, Inc., 260 Railroad Avenue, 
Hackensack, New Jersey 07601; 
(201) 489-8989, FAX (201) 489-6911. 


THE BEST INDICATOR 
LIGHT DATA BOOK 
THE WORLD HAS EVER SEEN... 


FREE. _ The IDI Databook: 224 pages of application and design 
* solutions, including the latest ways to trim assembly costs. 


Plus complete specifications on the most complete line of indicator lights and 
LEDs available. 


Bi < VME AHEE, IES STE 
REE Lean: TATASR 


Call: 
(201) 489-8989 
or FAX 

(201) 489-6911 for 
your free copy. 
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COMPUTER-T ESTED; 
DATA SHEET ENCLOSED 


CAPACITORS HAVE HIGHEST 
CIV & RIPPLE CURRENT 
RATINGS IN INDUSTRY 


CERMET VADJ POTS 


Condor’s International Series II D.C. power 
supplies virtually eliminate primary- 
secondary shorting because each coil 
uses a separate bobbin surrounded by 
two layers of glass-impregnated plastic, 
giving complete mechanical and electrical 
isolation. 


The best low-noise 723 regulator chips are 
used throughout the line, together with 
proven, reliable semiconductors. TO3-cased 
pass elements are hermetically sealed, and 
the latest high-density, high-ripple current 
rating capacitors from proven, high-quality 
vendors ensure long life and reliability. 
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ANTI-LATCHUP CIRCUIT; 
DUALS AND TRIPLES 


International Series I|/ features: 


7 power levels — 3 to 150W 

70 models (single, dual & triple output) 
OVP on all 5V outputs 

Meets EMI per FCC/VDE B (most units) 
Hermetically sealed power transistors 
MTBF 200,000 + hours per Mil Hndbk 
217D 

2-hour burn-in with cycling 

Full 3-year warranty 

5th-generation design by Tom Ingman — 
most copied designer in the power supply 
industry 


Sixty-five /nternational Series Il models are 
approved to UL478/1012; CSA C22.2 and 
TUV certified to VDE 0806 and IEC 435, 
1 &2. Twenty-six models are also approved 
to UL544. Call us today and put Condor’ 
world-class power supplies to work for you! 


CIRCLE NO 45 


LOW-NOISE 723 
REGULATOR 


WORLDWIDE AC INPUT RANGES 
100/115/220/240 VAC + 10/-13% 


VDE/IEC TRANSFORMER 
CONSTRUCTION 


MODEL HTAA16W-A 
(Output: 5VDC @ 2A/OVP 
+9-15VDC @ 0.4A) 


250 power supplies! 
Switchers and linears! 
Open frame and enclosed! 
Custom capability! 


2311 Statham Parkway, Oxnard, CA 93030 
(805) 486-4565 « TWX: 910-333-0681 

FAX: (805) 487-8911 

CALL TOLL-FREE: 1-800-235-5929 (outside CA) 
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Design Feature 


FFT analyzers make 
spectrum analysis 
a snap 


Although swept-spectrum analyzers and 
FFT analyzers arrive at essentially the same 
result, their methods differ. The FFT ana- 
lyzer and tts method offer some distinct ad- 
vantages. If you understand the limitations 
and potential error sources of FF T-based 
analysis, you'll be sure to use the right ana- 
lyzer for your measurements. 


George Dovel, Hewlett-Packard Co 


A common source for FFT analysis is the dedicated 
FFT analyzer (Fig 1), more familiarly known as an 
“FFT spectrum analyzer” or a “dynamic signal ana- 
lyzer.” Other product types—for example, digital oscil- 
loscopes linked to FFT software or PC plug-ins—can 
also provide FFT results. Different types of products 
provide varying degrees of performance in obtaining 
their FFT results, however. To understand why, you 
need to understand the FFT process. 

As you may recall from Fourier series theory, you 
can represent any signal as a combination of sine and 
cosine waves at different frequencies and amplitudes. 
That’s the cornerstone of the fast Fourier transform. 
To understand the advantages of FFT analysis, con- 
sider briefly how FFT analyzers work. By digitizing 
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incoming analog signals and mathematically converting 
this “time record” to a frequency spectrum, an FFT 
analyzer provides low-frequency spectrum and net- 
work analysis. The conversion process simulates the 
action of hundreds of parallel filters, each measuring 
the signal level at a particular frequency. 

The first major advantage of FFT analysis is its 
ability to measure transient signals. A swept-spectrum 
analyzer effectively sweeps a filter across the spec- 
trum, measuring one frequency at a time. Unfortu- 
nately, sweeping the input waveform is a technique 
that works well for stable signals, but gives misleading 
results for signals that change during the sweep time. 


Take a picture 


The simulated parallel filtering of the FFT analyzer 
overcomes this difficulty by taking a “snapshot” of the 
signal, then processing all the frequencies simultane- 
ously. The analyzer’s ability to track a fast-changing 
signal, however, depends on the instrument’s comput- 
ing capability. 

Parallel processing yields another potential advan- 
tage—faster measurements. The swept-spectrum ana- 
lyzer or swept-spectrum network analyzer must sweep 
frequencies from point to point, stopping to let its filter 
settle at each point; by contrast, the FFT analyzer 
measures across the frequency span in one shot. At 
lower frequency spans, the FFT analyzer can provide 
faster measurements. Fig 2 is a spectrum measure- 
ment, taken at 100-Hz resolution, that compares the 
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1-kHz SINE WAVE 


Fig 1—A simple FFT analyzer digitizes a 
time-domain signal and then converts it to 
the frequency domain. 


time required by a swept-spectrum analyzer (Fig 2a) 
with that required by an FFT analyzer (Fig 2b). The 
measurement times can vary widely, but in this par- 
ticular case, the FFT analyzer was about 100 times 
faster. 

In a swept-spectrum analyzer, the bandwidth of the 
sweeping filter limits the frequency resolution. The 
FFT analyzer doesn’t have this limitation. Some FFT 
analyzers can resolve signals that are spaced less than 
100 wHz apart. In FFT analyzers, in most cases, the 
resolution is limited only by the amount of time you’re 
willing to devote to the measurement. Increasing the 
resolution of the FFT analyzer increases the time it 
takes to measure the signal. 

Their independence from analog filtering gives FFT 
analyzers another key advantage: They can offer both 
spectrum and network modes in one instrument, with- 
out compromising either mode. Because a math algo- 
rithm performs spectrum and network analysis in an 
FFT analyzer, the measurement mode doesn’t depend 
on any specific analog hardware. 


View time and frequency domains 

The use of digital processing also yields another 
benefit: The analyzer can provide results in both the 
time domain and the frequency domain. Having both 
representations increases the analyzer’s value to you 


dBm PEAK 


analyzer is significantly faster. 
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FREQUENCY SPECTRUM 


DIGITIZED 1-kHz SINE WAVE 


and improves the quality of your measurements. In 
many cases, you can understand a signal or device 
better by viewing it from both perspectives. Many 
FFT analyzers also offer the amplitude domain, which 
provides statistical measurements such as the histo- 
gram. 

The FFT analyzer clearly provides important bene- 
fits, but it does have some drawbacks. The first is the 
frequency range: Most FFT analyzers have upper fre- 
quency limits between 40 and 100 kHz. 

Another limitation for some applications is the dy- 
namic range, the ability to measure low- and high-level 
signals simultaneously. Most FFT analyzers offer be- 
tween 70 and 80 dB of dynamic range. Several manu- 
facturers, however, have added a stepped-sine meas- 
urement mode to their analyzers, improving the ana- 
lyzers’ dynamic range to well over 100 dB. 


When dynamic range isn’t enough 


If an FFT analyzer’s frequency coverage and dy- 
namic range aren’t sufficient for your measurements, 
the swept-spectrum analyzer is clearly the instrument 
you should choose. On the other hand, for transient 
signals, faster measurements, and better frequency 
resolution, the FFT analyzer is a better choice. 

With its combined spectrum- and network-analysis 
capabilities, the FFT analyzer is finding many applica- 


Fig 2—Although the results of measuring a signal with a swept analyzer (a) and an FFT analyzer (b) are practically the same, the FFT 
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| SIGNAL 
CONDITIONING 


Fig 3—Before the frequency-domain output 
is ready for the FFT analyzer’s display, the 
analyzer processes the signal with signal- 
conditioning circuits, an ADC, digital fil- 
ters, windowing functions, and the FFT 
processor. 


tions in the design and testing of electronic products 
and systems. Engineers currently use FFT analysis 
to test telecommunications and data-communications 
equipment, consumer audio products, instrumentation, 
industrial electronics, electrical equipment, and elec- 
tronic components. 

Some spectrum-analysis examples include phase- 
noise measurements, harmonic distortion, modulation 
analysis, and signal-stability checks. For these meas- 
urements, the extremely narrow frequency resolution 
of FFT analysis can be quite helpful. In electronic- 
network analysis, for example, the FFT analyzer pro- 
vides fast measurements on filters, amplifiers, and 
communication lines. A manufacturer of personal pag- 
ing devices, for example, can quickly test the response 
of the voice filter and adjust or discard units that don’t 
meet specifications. 

Measuring loop behavior in feedback-control systems 
is another area in which FFT analyzers are currently 
solving design and test problems. These systems can 
be purely electrical (for example, switching power sup- 
plies) or electromechanical (for example, disk drives 
and robotics). The control-system designer frequently 
needs to measure response in both the frequency do- 
main (transfer function) and the time domain (impulse 
response), so the multifunction FFT analyzer is a good 
choice. 


The FFT algorithm makes assumptions 


The FFT algorithm makes several assumptions 
about the signal it’s processing. The algorithm doesn’t 
check to verify the validity of these assumptions for a 
given input, and it will produce invalid results unless 
you validate the assumptions. If you have a basic un- 
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DIGITAL 
COSINE 
TIME 
RECORDS 


DIGITAL _ 
FILTER 


CONVERSION ~ 


DIGITAL 
SINE 


TIME RECORDS FREQUENCY 


SPECTRUM 


| PROCESSOR © 
DISPLAY 


NOTE: THESE WAVEFORMS ARE NOT REPRESENTATIVE OF ACTUAL SIGNALS 


derstanding of what it takes to provide good answers, 
you'll be more successful in choosing and applying an 
FFT analyzer. 

Fig 3 is a block diagram of an FFT analyzer. Differ- 
ent manufacturers use slightly different designs; Fig 
3 shows a generalized diagram of the technique that 
Hewlett-Packard uses in its analyzers. There are five 
general steps in performing FFT analysis: signal condi- 
tioning, A/D conversion, digital filtering, data window- 
ing, and finally, the FFT itself. 

In conditioning the input signal, the analyzer’s front 
ends perform several important functions as soon as 
the signal enters through the front panel. The first is 
ac or de coupling. This option is important if you need 
to remove unwanted dc biases in the measurement 
setup. The second action is amplifying or attenuating 
the input signal to provide optimum levels for the A/D 
converter. These input amplifiers are differential in 
some FFT analyzers; other analyzers offer you the 
choice of either floating or grounding the inputs. 


Exorcise ghosts from the signal 


The third function of the signal-conditioning circuitry 
is antialias filtering, which represents one of the key 
differences between dedicated FFT analyzers and most 
products that provide FFT analysis as a secondary 
feature. An analyzer that doesn’t have adequate pro- 
tection from aliasing can display frequency components 
that don’t exist in the incoming signal. Aliasing is a 
potential problem in all sampled systems, not just FFT 
analyzers. It can occur (according to the Nyquist crite- 
rion) if the sampling frequency is less than twice as 
high as the highest frequency component in the incom- 
ing signal. Given at least two samples per cycle, the 
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By digitizing incoming analog signals, an 


FFT analyzer provides low-frequency spec- 
trum and network analysis. 


FFT analyzer can correctly estimate the frequency of 
a sine wave. If you don’t have at least two samples 
per cycle (that is, if you’re not sampling at least twice 
as fast as the incoming signal), the FFT could incor- 
rectly estimate the signal’s frequency. 

Fig 4 provides an example of aliasing. Assume 
you’ve set the analyzer to measure frequencies from 0 
to 10 kHz, disabled the antialiasing filter, and applied 
a 50-kHz sine-wave input trace. Because the measure- 
ment is only looking for sub-10-kHz components of the 
50-kHz sine wave, no signal should appear in the meas- 
urement, but aliasing causes a false frequency compo- 
nent just above 1 kHz. (The effect of aliasing is to 
“fold” a higher frequency component down in fre- 
quency. ) 

The solution to the aliasing problem seems simple 
enough. First, the analyzer manufacturer selects the 
maximum frequency (fmax) that its analyzer will meas- 
ure, then it makes sure the sampling frequency is at 
least twice that frequency. This step ensures that the 
analyzer can accurately measure the frequencies of in- 
terest. Next, the manufacturer inserts a lowpass, an- 
tialiasing filter to remove all components above fmax, 
thus ensuring that the measurement will exclude all 
frequencies except those you’re interested in. 


Filter has a transition band 


Two factors complicate this simple solution. First, 
and easiest to address, is the fact that the antialiasing 
filter has a transition band between the passband and 
the stopband. The analyzer may fold signals falling in 
the transition band down into the measurement re- 
sults, because they’re not completely attenuated by 
the filter. The best way around this problem is to push 
the sampling frequency slightly above two times fmax, 
so that it is twice the frequency at which the stopband 
actually starts, not twice the frequency you're trying 
to measure. Although this solution may seem fairly 
obvious, many vendors don’t push the sampling fre- 
quency above two times fmax. 

The second complicating factor in alias protection— 
the FFT analyzer’s resolution—is much harder to ad- 
dress. The resolution advantage of FFT analyzers 
comes from their ability to measure at very narrow 
spans—a typical FFT analyzer might have a maximum 
span of 100 kHz and a minimum span of 100 mHz. 
However, an antialiasing filter designed for the 100- 
kHz span won’t be much help on the 100-mHz span. 

One possible solution would be an antialiasing filter 
for every span in the analyzer, or a filter with se- 
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Fig 4—Even though the input waveform is a 50-kHz sine wave, 
aliasing causes a nonexistent freguency component to appear in the 
output trace just above 1 kHz. 


lectable cutoff frequencies. Unfortunately, cost, size, 
performance, and instability make implementing such 
a scheme difficult. 

Most dedicated FFT analyzers have another ap- 
proach to solving the aliasing problem. They use a 
combination of analog and digital filtering. For exam- 
ple, HP analyzers have a fixed sampling frequency and 
employ one antialiasing filter. This scheme solves the 
aliasing problem. Next, a digital mixer heterodynes 
the center frequency to the value selected by the user. 
Then a digital decimating filter sets up the frequency 
span. This scheme solves the resolution problem. 

Fortunately, most manufacturers of dedicated FFT 
analyzers have solved the aliasing problem, so you 
don’t have to worry about it. Alternatives to the dedi- 
cated FFT analyzer, however, may not always offer 
optimum alias protection. In any case, always check 
the data sheet to make sure that whatever product 
you're considering does indeed have complete protec- 
tion from aliasing. 


Most FFT analyzers use standard ADC techniques 


The A/D-conversion step is straightforward enough. 
Most FFT analyzers employ standard A/D-converter 
techniques to provide a digital representation of the 
analog input signal. The confusing part is understand- 
ing the manufacturers’ specs, because there’s no stan- 
dard way of specifying A/D conversion in FFT analyz- 
ers. Some vendors specify bits of resolution; others 
specify dynamic range. Very few provide all the data 
you need to fully understand what’s happening to your 
signal. For example, two analyzers on the market offer 
about the same dynamic range (72 vs 70 dB) under 
many measurement setups. One of the analyzers has 
16-bit A/D converters; the other has 13-bit A/D con- 
verters. 

Specifying an A/D converter’s performance in bits 
of resolution tells only part of the story. The spec is 
useful only if the analyzer can use all of the converter’s 
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bits productively. More useful than bits of resolution 
is the dynamic-range spec. As mentioned, dynamic 
range indicates the difference between the largest and 
smallest signals that an analyzer can measure simulta- 
neously. An analyzer with an 80-dB dynamic range, 
for example, can measure a 0-dBV signal and a —80- 
dBV signal simultaneously. 

Several factors limit the actual dynamic range you 
obtain with a given measurement. The biggest threat 
to your dynamic range is an improper range setting, 
one that’s either not high enough (causing overloads) 
or not low enough (causing poor amplitude resolution 
and a low S/N ratio). Although it’s the biggest threat, 
it’s also the one you have the most control over. 

A group of factors inherent to the analyzer may give 
you less of a dynamic range than the vendor specifies. 
You’re usually safe at the higher A/D-converter volt- 
age-range settings—the following problems are more 
noticeable at lower voltage ranges with wider fre- 
quency spans. Any of these factors could be a problem; 
manufacturers should specify the problem parameters. 

The first problem parameters are harmonic and in- 
termodulation distortion, which are generated by non- 
linearities in the analyzer’s input circuitry. Another 
factor is alias responses—higher frequency components 
that the alias-protection filter may not fully attenuate. 
And then, under certain operating conditions, the ana- 
lyzer may generate spurious responses. Triggering, for 
example, can be a source of spurs in the input channel. 
Finally, the fundamental noise floor in the input circuit 
will ultimately limit the dynamic range the analyzer 
can achieve. 

You can use either of two digital-filtering techniques 
to provide different frequency spans. You can change 
the sampling rate, or you can keep the sampling rate 
fixed and use a digital local oscillator and a decimating 
filter to provide the desired center frequency and span. 
As mentioned, the latter method has some distinct 
advantages. 

Another important advantage is zooming, which is 
the ability to focus the measurement span anywhere 
in the analyzer’s frequency range. Without zooming, 
the measurement span always starts at 0 Hz. For ex- 
ample, you may have a span selection as narrow as 
100 mHz, but it can only be applied to the 0- to 100-mHz 
span, because it must start at 0 Hz. 

Assume, for example, that you have an analyzer 
with a maximum span of 100 kHz and a minimum span 
of 100 mHz. With zooming, you can center that 100- 
mHz span anywhere in the overall 100-kHz range. If 
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Fig 5—Trying to measure a signal that isn’t periodic from time 
record to time record causes the energy from a single frequency to 
spread across a range of frequencies. 


you have a 99-kHz signal with sidebands just 500 wHz 
away, you can zoom in with the 100-mHz span and see 
the sidebands with no trouble. This procedure would 
be impossible without the zooming capability. 

You can zoom in two different ways. Although you 
can zoom with a software algorithm, zooming with a 
hardware filter provides the same level of resolution 
at a much higher speed than software zooming pro- 
vides. When you use either scheme, you obtain a time 
record that’s a filtered block of data samples. The next 
step is to prepare that block for FFT processing. 

The FFT assumes that the signal it’s processing is 
periodic from time record to time record. If the signal 
is not periodic in the time record, the FFT won’t esti- 
mate the frequency components accurately. The result 
is called leakage, and it has the effect of spreading the 
energy from a single frequency across a range of fre- 
quencies. Fig 5 shows the effect of leakage on a spec- 
trum measurement. 


Leakage spreads the spectrum 


Data windowing is the solution to the leakage prob- 
lem. Multiplying the time record by a weighting func- 
tion, or a window, forces the signal to be periodic in 
the time record. It distorts the data in the time domain 
to improve accuracy in the frequency domain. (To 
measure in the time domain with no distortion, you 
can choose not to apply a window. ) 

A variety of windows are available in most analyzers. 
Some of the more common window types are the Han- 
ning, flat top, force, and exponential windows, and the 
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The first major advantage of FFT analysis 
1s its ability to measure transient signals. 


uniform or rectangular window (which has the same 
effect as that of not applying a window). The choice 
of a window depends on the type of signal you’re meas- 
uring and what you most want to learn from the meas- 
urement. For example, the Hanning window offers 
good frequency resolution at the expense of some am- 
plitude accuracy. The flat top, on the other hand, pro- 
vides better amplitude accuracy with a tradeoff in fre- 
quency resolution. 

In most FFT analyzers, the FFT algorithm itself is 
embedded in the hardware or software of the analyzer, 
so all you need to concern yourself with are the resolu- 
tion and the speed of the FFT algorithm. The resolu- 
tion of FFT analyzers is usually given in lines. One 
line is a discrete frequency output from the FFT algo- 
rithm. The most common offerings have 400 and 800 
lines, though some analyzers have as few as 25 lines, 
and you can find analyzers with 3200 lines or more. 


How variables relate 


An FFT analyzer’s time-record length, frequency 
span, frequency resolution, and number of FFT lines 
are interrelated: 

e@e Frequency span=(frequency resolution) x (num- 

ber of FFT lines) 

@ Frequency resolution = 1/time-record length 

@ Time-record length=number of lines/frequency 

span 
You can use these formulas to determine tradeoffs 
among the various parameters. 

Because the analyzer requires at least one complete 
time record before it can compute an FFT, the time- 
record length determines how long a given measure- 
ment will take. For example, a 400-line analyzer meas- 


uring a 1-kHz span requires a 0.4-sec time record. A 
3200-line analyzer requires a 3.2-sec record. This rela- 
tionship is independent of processing speed. Even with 
a very-high-speed processor, the 3200-line analyzer 
must still collect 3.2 sec of data before it can compute 
the FFT for a 1-kHz span. 

After the FFT analyzer has collected a sufficient 
number of samples (that is, when the time record is 
full), processing speed does become an issue. The 
amount of time it takes to compute the FFT and to 
format and display the results distinguishes the per- 
formance of one F F'T-based analyzer from another. The 
available FFT analyzers vary as to how fast they can 
compute a 400-line FFT. Some models take several 
milliseconds; others require several minutes. 

Processing speed can be important for two reasons. 
First, higher processing speeds reduce overall test 
times. The faster the FFT, the less time you spend 
waiting for a trace on the display. Second, an analyzer’s 
ability to measure transient or dynamic signals is tied 
directly to its processing speed. The performance indi- 
cator is real-time bandwidth, which is the highest fre- 
quency the analyzer can measure without missing sec- 
tions of the incoming signal. 

In the analyzer, real-time bandwidth is the fre- 


“quency span at which the FFT processing speed equals 


the time-record length. As long as the time-record 
length is longer than the FFT time, the analyzer will 
measure every point on the incoming signal. If, how- 
ever, the time-record length is shorter than the FFT 
time, the analyzer is sampling faster than it can proc- 
ess, and the analyzer will ignore parts of the signal 
while the FFT is in progress. Fig 6 illustrates this 
phenomenon. 


REAL-TIME OPERATION 


TIME RECORD 1 | 


TIME RECORD 2 


NON-REAL-TIME OPERATION 


Fig 6—If the time-record length is shorter 
than the FFT time, the analyzer is incapa- 
ble of real-time operation, whereas if the 
time-record length is at least as long as the 
FFT time, the analyzer can measure every 
point on the incoming signal. 
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Real-time bandwidth may or may not be a concern 
for your measurements. If you’re measuring a signal 
that is constant from record to record, the real-time 
bandwidth is not important because the analyzer 
doesn’t need to see every piece of the signal to make 
an accurate estimate. If the signal changes from record 
to record, you need real-time bandwidth, which covers 
all the frequency components in the signal. 

When you're looking for solutions to low-frequency 
spectrum- and network-analysis problems, remember 
the five potential advantages of FFT analysis: faster 
measurements, better frequency resolution, combined 
spectrum and network analysis, combined time- and 
frequency-domain capability, and the ability to meas- 
ure transient signals. Engineers in a wide variety of 
industries are taking advantage of the FF'T measure- 
ment technique. It could be the answer to some of 
your needs as well. 


Author’s biography 

George Dovel is a product marketing 
engineer at Hewlett-Packard’s Lake Ste- 
vens Instrument Div (Everett, WA), 
where he develops and implements mar- 
keting strategy. George earned a 
BSEET from the DeVry Institute of 
Technology in Phoenix, AZ. His leisure 
pursuits include reading and travel. 


Article Interest Quotient (Circle One) 
High 494 Medium 495 Low 496 


EDN January 19, 1989 


MIL-STD-883C 
COMPLIANT 


For math-intensive processing, Logic Devices offers a whole 
range of innovative architectural solutions, including these low- 
power CMOS functions. So if your application is pushing data 
rates of 25 MHz and beyond, check out our real-time solutions. 
Call toll free 1-800-851-0767 (in California, 1-800-233-2518) for a 
product catalog, which includes our MIL-STD-883C compliant 
parts. Or write: Logic Devices, Inc., 628 East Evelyn 

Avenue, Sunnyvale, California 94086. Telex 172387. ee 


16-bit ALU L4C381 A wes 
¢ 16-bit cascadable ALU, with 26ns. flow-through add time. _ 


e Includes optional pipeline registers. 


e Implements add, subtract, accumulate, two’s complement, 
pass and logic operations. 


16-bit multiplier LMU18 ~ of 


e 16x16 multiplier, with 35ns. multiply time. 
e Non-multiplexed 32-bit output port. 


32-bit barrel shifter/normalizer LSH32 


e 32-input, parallel shifter with 32ns. prop. delay. 


¢ Implements left, right, or circular shifts, 0 to 32 positions; 
automatically calculates optimum scaling value for maximum accuracy. 


e Separate external shift distance inputs for block floating-point 
applications. 


12-bit multiplier-summer (AxB)+C LMS12 


e 12x12 multiplier, plus 26-bit adder in one package. 
e Cascadable to form 25MHz video filter with broadside coefficient load. 


DEVICES INCORPORATED 


CIRCLE NO 11 
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you pay a power penalty. Their ad- 
At 15 nsec, Our SRAMs vanced CMOS technology runs as 


Really Tear Up The Track. | jow as 340 mw in active mode, 

If you’ve been wondering where to | and 25 mW in standby. Plus they 
find fast SRAMs lately, we _., feature proprietary Auto 

have good news for you. \ ee Powerdown™ circu 


Now you can look to and 2 volt data 
retention, 


logical alternative. making 
Our new family them ideal 
of CMOS SRAMs gives for battery 
you more options for high- backup operation. 
: And since these 


end applications, where you 
have to match fast CPU speeds. parts are plug-compatible with 
They're available in speed catego- industry-standard SRAMs, you 


ries from 15 to 45 nsec. So even have a clear upgrade path to 

your high-performance RISC and higher performance. We’ve rewed 
32-bit micro designs can forget up production for delivery today, 
about wait states. on all popular organizations, in- 


Because these parts just plain | cluding 64K x 1, 16K x 4and 8K x 8 


haul access. But without making —in a variety of package types. 
For full details, call us today 


toll free at (800) 851-0767; in 
California, (800) 233-2518. 
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Or write: Logic Devices, Inc., 628 
East Evelyn Avenue, Sunnyvale, 
CA 94086; Telex 172387. 


CIRCLE NO 11 


DEVICES INCORPORATED 


EDN January 19, 1989 


The nght equipment 
is essential for 
effective troubleshooting 


As discussed in part 1 of this multipart series, the 
most important thing you need for effective 
troubleshooting 1s your wits. In addition to those, how- 
ever, youll normally want to have some equipment. 
This second installment itemizes the equipment that 
is necessary for most general troubleshooting tasks; 
some you can buy off-the-shelf, and some you can build 
yourself. 


Robert A Pease, National Semiconductor Corp 


Before you begin your troubleshooting task, know that 
the equipment you use has a direct bearing on the 
time and effort you must spend to get the job done. 
Also know that the equipment you need to do a good 
job depends on the kind of circuit or product you are 
working on. For example, a DVM may be unnecessary 
for troubleshooting some problems in digital logic. 
And, the availability and accessability of equipment 
may present certain obstacles. If you only have a me- 
diocre oscilloscope and your company can’t go out and 
buy or rent a fancy full-featured scope, then you will 
have to make do. 

If you lack a piece of equipment, be aware that you 
are going into battle with inadequate tools; certain 
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clues may take you much longer than necessary to 
spot. In many cases when you spent too much time 
finding one small problem, the time was wasted be- 
cause you were foolish or were unaware of a particular 
troubleshooting technique; but, in other cases, the time 
was wasted because of the lack of a particular piece 
of equipment. It’s important for you to recognize this 
last-mentioned situation. Learning when you're wast- 
ing time because you lack the proper equipment is 
part of your education as a troubleshooter. 

In addition to the proper tools, you also need to 
have a full understanding of how both your circuit and 
your equipment are supposed to work. I’m sure you’ve 
seen engineers or technicians work for many fruitless 
hours on a problem and then, when they finally find 
the solution, say, “Oh, I didn’t know it was supposed 
to work that way.” You can avoid this scenario by using 
equipment that you are comfortable and familiar with. 

The following equipment is essential for most analog- 
circuit troubleshooting tasks. This list can serve as a 
guide to both those setting up a lab and those who 
just want to make sure that they have everything they 
need. 


A dual-trace oscilloscope. It’s best to have one with 
a sensitivity of 1 or 2 mV/cm and a bandwidth of 
at least 100 MHz. Even when you are working with 
slow op amps, a wide-bandwidth scope is important 
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The equipment you want and need to do a 
good job will depend on the kind of ctrcutt 
or product you are working on. 


TO 
OSCILLOSCOPE 
VERTICAL 
PREAMPS 


20 or 30 pF TYP 


Fig 1—If an amplifier or a comparator is supposed to produce a square wave but the waveform looks like a trace A or B, how long should 
it take you to find the problem? No time at all. Just turn the screw that adjusts the 10x probe’s compensation, so the probe’s response 1s 
flat at all frequencies (a, trace C). The schematic diagram of a 10x oscilloscope probe is shown in 6. 


because some transistors in “slow” applications can os- 
cillate at 80 or 160 MHz, and you should be able to see 
these little screams. Of course, when working with 
fast circuits, you may need to commandeer the lab’s 
fastest scope to look for glitches. Sometimes a peak-to- 
peak automatic triggering mode is helpful. Be sure you 
know how all the controls work, so you don’t waste 
much time with setup and false-triggering problems. 


Two or three scope probes. They should be in good 

condition and have suitable hooks or points. Switch- 
able 1x/10x probes are useful for looking at both large 
and very small signals. You should be aware that 1x 
probes only have a 16- or 20-MHz bandwidth, even 
when used with a 100-MHz scope. When you use 10x 
probes, be sure to adjust the capacitive compensation 
of the probe by using the square-wave calibrator. Fail- 
ure to do so can be a terrible time-wasting source of 


trouble (Fig 1). Ideally, you'll want three probes at 
your disposal, so that you can have one for the trigger 
input and one for each channel. For general-purpose 
troubleshooting, the probes should have a long ground 
wire, but for high-speed waveforms you'll need to 
change to a short ground wire (Fig 2). 

In some high-impedance circuits, even a 10x probe’s 
capacitance, which is typically 9 to 15 pF, may be 
unacceptable. For these circuits, you can buy an active 
probe with a lower input capacitance of 1.5 to 3 pF 
($395 to $1800), or you can build your own (Fig 3). 


An analog-storage oscilloscope. Such a scope can 
be extremely useful, especially when you are 
searching for an intermittent or evanescent signal. The 
scope can trigger off an event that may occur only 
rarely and can store that event and the events that 
follow it. Some storage scopes are balky or tricky to 


Fig 2—When a fast square wave is supposed to be clean and fast-settling but looks like a, trace A, don’t repair the square-wave 
generator—just throw away the probe’s 6-in. ground lead (b). If you ground the probe directly at the ground point near the tip (ce) (special 
attachments that bring the ground out conveniently are available), your waveforms will improve (a, trace B). 
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apply, but it’s often worthwhile to expend the effort 
to learn how to use them. 

Digital-storage oscilloscopes (DSOs) let you do the 
same type of triggering and event storage as do the 
analog type, and some can display events that precede 
the trigger. They are sampled-data systems, however, 
so you must be sure to apply them correctly (Ref 1). 
Once you learn how to use them, though, you'll appreci- 
ate the special features they offer, such as bright CRT 
displays, automatic pulse-parameter measurements, 
and the ability to obtain plots of waveforms. 


A digital voltmeter (DVM). Choose one with at least 

five digits of resolution, such as the HP3455, the 
HP3456, the Fluke 8810A, and the Fluke 8842A. Be 
sure you can lock out the autorange feature, so that 
the unit can achieve its highest accuracy and speed. 
Otherwise, you'll be wasting time while the DVM 
autoranges. For many analog circuits, it’s important 
to have a high-impedance (>10,000-MQ) input that can 
handle 15 to 20V; the four DVMs mentioned above 
have this feature. There are many other fine DVMs 
that have 10-MQ inputs above 2 or 3V; and, if a 10-MQ 
input impedance is not a problem, they are acceptable. 

The most important reason to use a high-input- 


1 
OPTIONAL 
Rin t 


(Pr 2% OUTPUT TO SCOPE 
Ri ww 2N3904 (apm 


47 a 2N3906 


100 
OFFSET ADJ 


NOTES: 

Q, =Q2 =2N5486 or 2N5485 

R,=R2=R3 =10M (THIS 30M RESISTOR HAS 
APPROXIMATELY 0.08 pF OF CAPACITANCE.) 


(a) 


impedance DVM is because sometimes it’s necessary 
to put 33-kQ or 100-kQ resistors in series with the 
probe, right near the circuit-under-test, to prevent the 
DVWM’s input capacitance from causing the circuit to 
oscillate. If you’re using a DVM with a 10-MQ input 
impedance and you have a 100-kQ resistor in series 
with the probe, the DVM’s measurements would lose 
1% of their accuracy. Fortunately, many good DVMs 
have less than 500 pA of input current, which would 
cause less than 50 wV of error in the 100-kQ-load case. 

A high-resolution DVM lets you detect 100- to 200- 
wV deviations in an 11V signal. You can best spot 
many semiconductor problems by finding these minor 
changes. A 4-digit DVM is a relatively poor tool; al- 
though, in some cases, you can detect small voltage 
changes if you refer the DVM’s “low,” or ground, side 
to the 10V bus. Then, with the DVM in the 1V range, 
you can spot small deviations in an 11V signal. This 
measurement is more awkward and inconvenient than 
a ground-referenced measurement with a higher reso- 
lution meter would be, and this method can cause other 
problems as well. For instance, you can end up inject- 
ing noise generated by the DVM’s A/D converter into 
the sensitive 10V reference, thereby adversely affect- 
ing the performance of other circuits. 


Fig 3—This probe circuit’s input impedance is 10110. in parallel with 0.29 pF (a). Optimized for its impedance characteristics and not tts 
frequency response, the probe’s bandwidth and slew rate are 90 MHz and 300V/sec, respectively. If the lack of physical rigidity of the 
TO-92 packaged FET makes it difficult to use as a probe, a piece of ‘/s-in. glass epoxy board with the copper peeled off will add rigidity 
with only 0.08 pF of additional capacitance. The layout shown in b adds only 0.06 pF to the input impedance. 
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If you lack a prece of equipment, be aware 
that you are going into battle with inade- 
guate tools. 


Sree meters. It may look silly to see a test 
setup consisting of two good DVM’s, two little 3- 
digit DVMs monitoring a couple of voltage supplies, a 
couple more 3-digit DVMs monitoring current drain, 
and an analog meter monitoring something else. But, 
if you don’t know exactly what you’re looking for and 
you can borrow equipment, using lots of meters is an 
excellent way to attack a problem—even if you do 
have to wait until 5:15 pm to borrow all that equipment. 

When is an analog voltmeter better than a DVM? 
Well, the analog voltmeter usually has inferior accu- 
racy and resolution, but when you watch an ordinary 
analog voltmeter your eye can detect a trend or rate-of- 
change that may be hard to spot on a DVM, especially 
in the presence of noise or jitter. As an example, if 
you suddenly connect an ordinary volt-ohmmeter 
across a 1-wF capacitor, your eye can resolve if the 
capacitor’s value is 0.1 times or 10 times as large as it 
should be. You can’t perform this kind of test with a 
DVM. 

Another advantage of analog meters is that they are 
passive devices: They don’t inject noise into your cir- 
cuit as digital meters can. 


A general-purpose function generator. In addition 

to supplying the drive signal for your circuit, you 
can use function generators to feed current via a resis- 
tor into a node while you check for the correct circuit 
response. While sine and square waves are popular 
test signals, I have often found triangular waveforms 
to be invaluable when searching for nonlinearities. 


Fig 4—You can vary the output voltage of 
this dc power supply from 3 to 30V by adjust- 
ing Rz. Rgc should be between 3 and 1000; 
the short-circuit current is equal to 600mV/ 
Rse + 20MA. 
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Power supplies with stable outputs. They should 

have coarse and fine adjustment controls and adjust- 
able current limits. Digital controls are usually not 
suitable; they don’t let you continuously sweep the 
voltage up and down while you monitor the scope and 
watch for trends. In cases when the power supply’s 
output capacitor causes problems, you may want a 
power supply whose output circuit, like that of an op 
amp, includes no output capacitor. You can buy such 
a supply, or you can make it with an op amp and a few 
transistors. The advantage of the supply shown in Fig 
4 is that you can design it to slew fast when you want 
it to. Also, if a circuit latches and pulls its power supply 
down, the circuit won’t destroy itself by discharging 
a big capacitor. 

Along the lines of power, another useful 
troubleshooting tool is a set of batteries. You can use 
a stack of one, two, or four 9V batteries, gel cells, or 
whatever is convenient. Batteries are useful as an al- 
ternate power supply for low-noise preamplifiers. If 
the preamp’s output doesn’t get quieter when the bat- 
teries are substituted for the ordinary power supply, 
don’t blame your circuit troubles on the power supply. 
You can also use these batteries to power low-noise 
circuits, such as those sealed in a metal box, without 
contaminating their signals with any external noise 
sources. 


A few RC substitution boxes. You can purchase the 
VIZ Model WC-412A “twiddle-box” (Fig 5) from 
Fordham Radio (Hauppauge, NY). You can set the 


EDN January 19, 1989 


Fig 5—This general schematic is for a com- 
mercially available R-C substitution box, 
the VIZ Model WC-412A from Fordham Ra- 
dio (Hauppauge, NY). The unit costs around 
$89 and has resistor and capacitor values 
in the range of 150 to 10 MQ. and 100 pF to 
0.2 pF, respectively. It can be configured to 
be an open circuit, a series R-C, resistors, 
capacitors, a parallel R-C, or a short circuit. 


NOTES: 
15<R,<10k 
15k <R2<10M 
100 pF <C, <0.22 pF 


unit in the following modes: R, C, series R-C, parallel 
R-C, open circuit, or short circuit. They are invaluable 
for running various “tests” that can lead to the right 
answer. 

You may need component values beyond what the 
twiddle boxes offer; in our labs, we built a couple of 
home-brew versions (Fig 6). The circuit shown in Fig 
6a provides variable low values of capacitance and is 
useful for fooling around with the damping of op amps 
and other delicate circuits. You can make your own 
calibration labels to mark the setting of the capacitance 
and resistance values. The circuit shown in Fig 6b 
provides high capacitance for testing power supplies 
and damping various regulators. 


An isolation transformer. If you are working on a 

line-operated switching regulator, this transformer 
helps you avoid lethal and illegal voltages on your test 
setup and on the body of your scope. If you have 
trouble obtaining an isolation transformer, you can use 
a pair of transformers (step-down, step-up) back-to- 
back (Fig 7). Or, if cost isn’t an issue, you can use 
isolated probes. These probes let you display small 
signals that have common-mode voltages of hundreds 
of volts with respect to ground, and they won’t require 


10-150 pF R 
SELECTOR 


C; SELECTOR SWITCH 


SELECTOR oH 


FOR MODE: 


pa 
+6 


you to wear insulated gloves when adjusting your 
scope. 


] A variable autotransformer. This instrument lets 

you change the line voltage and watch its effect 
on the circuit. (Warning: A variable auto-transformer 
is NOT normally an isolation transformer. ) 


] A curve tracer. A curve-tracer can show you 

that two transistors may have the same satu- 
ration voltage under a given set of conditions even 
though the slope of one may be quite different from 
the slope of the other. If one of these transistors works 
well and the other badly, a curve tracer can help you 
understand why. A curve tracer can also be useful for 
spotting nonlinear resistances and conductances in di- 
odes, capacitors, light bulbs, and resistors. It can test 
a battery by loading it down or recharging it and can 
check semiconductors for breakdown. And, when you 
buy the right adapters or cobble them up yourself, you 
can evaluate the shape of the gain, the CMRR, and 
the PSRR of op amps. 


] Spare repair parts for the circuit-under-test. You 
should have these parts readily available, so you 


C 
SELECTOR 
18 POSITIONS 


oS 


0.47 pF <C <3800 pF 


Fig 6—R-C boxes based on these schematics extend component ranges above those available in off-the-shelf versions. You can house the 
series R-C circuit in a in a 1X1X2-in. copper-clad box. Use the smaller plastic-film-dielectric tuning capacitors or whatever is convenient. 
Build the circuit in b with tantalum or electrolytic (for values of 1pF and higher) capacitors, but remember to be careful about their 
polarities and how you apply them. Also, you might consider using mylar capacitors for smaller valves. Use 18-position switches to select 
R and C values. And, stay away from wirewound resistors; their inductance is too high. 
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can swap components to make sure they still work 
correctly. 


] A complete supply of resistors and capacitors. 

You should have resistors in the range from 0.10 
to 100 MQ and capacitors from 10 pF to 1lpF. Also, 
10-, 100-, and 1000-F capacitors come in handy. Just 
because your circuit design doesn’t include a 0.1-0 or 


a 100-MQ resistor doesn’t mean that these values won’t 
be helpful in troubleshooting it. Similarly, you may 
not have a big capacitor in your circuit; but, if the 
circuit suddenly stops misbehaving when you put a 
3800-F capacitor across the power supply, you’ve seen 
a quick and dramatic demonstration that power-supply 
wobbles have a lot to do with the circuit’s problems. 
Also, several feet of plastic-insulated solid wire come 


a 


A short-circuit detector aids PCB repair 


A short-circuit-detector circuit 
comes in handy when you have 
to repair a lot of large pc boards: 
It can help you find a short circuit 
between the ground bus and the 
power or signal buses. It’s true 
that a sensitive DVM can also 
perform this function, but a 
short-circuit detector is much 
faster and more efficient. Also, 
the circuit turns itself off and 
draws no current when the probe 
is not connected. 

In the short-circuit-detector 
circuit shown in Fig A, the LM10 


CURRENT- 
LIMITED 
SUPPLY 

(+50 mA) 


GROUND 
(LOW) PROBE 


SHORT 
CIRCUIT PATH 


CIRCUIT- IN- TROUBLE 


NOTE: 
ALL RESISTORS +10% 


op amp amplifies the voltage drop 
and feeds it to the LM831 volt- 
age-to-frequency converter, 
which you set up to emit its high- 
est pitch when V;,=0. When us- 
ing this circuit, use a 50-to 100- 
mA current-limited power sup- 
ply. To calibrate the circuit, first 
ground the detector’s two probes 
and trim the OFFSET ADJUST 
for a high pitch. Then, move the 
positive test probe to + V, at A 
and trim the GAIN ADJUST for 
a low pitch. 

Fig A illustrates a case in 


10k 


GAIN 
ADJUST 


which one of the five major power 
supply buses of the circuit-in- 
trouble has a solder short to 
ground. To find the exact location 
of the short, you simply slide the 
positive input probe along the 
buses. In this example, if you 
slide it from A toward B or D, 
the pitch won’t change because 
there is no change in voltage at 
these points. But, if you slide the 
probe along the path from A to 
C or from K to M, the pitch will 
change because the voltage drop 
is changing along those paths. 
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Fig A—You can use this short-circuit detector to find PCB shorts. Simply slide the test probe along the various buses and listen 


for changes in pitch. 
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Be familiar with your equipment: Know 
how to use it and know its limitations. 


in handy. A few inches of this type of twisted-pair 
wire makes an excellent variable capacitor, sometimes 
called a “gimmick.” Gimmicks are cheap and easy to 
vary by simply winding or unwinding them. Their ca- 
pacitance is approximately 1 pF/in. 


] Schematic diagrams. It’s a good idea to have 

several copies of the schematic of the circuit- 
under-test. Mark up one copy with the normal volt- 
ages, currents, and waveforms to serve as a reference 
point. Use the others to record notes and waveform 
sketches that relate to the specific circuit-under-test. 
You'll also need a schematic of any homemade test 
circuit you plan to use. Sometimes, measurements 
made with your homemade test equipment may not 
agree with measurements made by purchased test 
equipment. The results from each tester may not really 
be “wrong;” they might differ because of some design 
feature, such as signal filtering. If you have all the 
schematics for your test equipment, you can more eas- 
ily explain these incompatibilities. And, finally, the 
data sheets and schematics of any ICs used in the 
circuit will also come in handy. 


15s to any engineering or production test 
equipment, if possible. Use this equipment to 
be sure that when you fix one part of the circuit you 
aren’t adversely affecting another part. Other pieces 
of equipment and testers also fall under the category 
of specialized test equipment; their usefulness will de- 
pend on your circuit. Two examples are a short-circuit- 
detector circuit (see box, “A short-circuit detector aids 


Fig 7—You can use this back-to-back 
transformer configuration to achieve line 
isolation similar to that of an isolation 
transformer. 
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PCB repair”) and a grid-dip meter (see box, “The grid- 


dip meter can direct you to trouble”). 

] A few working circuits, if available. By com- 
paring a bad unit to a good one, you can often 

identify problems. You can also use the good circuits 

to make sure that your specialized test equipment is 


working properly. 
] A sturdy, broad workbench. It should be 
equipped with a ground plane of metal that you 
can easily connect to the power ground. The purpose 
of this ground plane is to keep RF, 60-Hz, and all other 
noise from coupling into the circuit. Place insulating 
cardboard between the bench and the circuit-under- 
test, so that nothing tends to short to ground. Another 
way to prevent noise from interfering with the circuit 
is to use a broad sheet of single-sided copper-clad 
board. Placed copper-side down and with a ground 
wire soldered to the copper, it provides an alternate 
ground plane. To prevent electrostatic-discharge dam- 
age to CMOS circuits, you'll need a wrist strap to 


ground your body through 1 MQ. 
1 Safety equipment. When working on medium- 
or high-power circuits that might explode with 
considerable power in the case of a fault condition, you 
should be wearing safety goggles or glasses with safety 
lenses. Keep a fire extinguisher nearby, too. 
] A suitable hot soldering iron. If you have to 
solder or unsolder heavy buses from broad PCB 


ISOLATED 
LINE OUTPUT 
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The grid-dip meter can direct you to trouble 


What do you do when trouble is 
everywhere? A typical scenario 
starts out like this: You make a 
minor improvement on a linear 
circuit, and when you fire it up 
you notice a terrible oscillation 
riding on the circuit’s output. You 
check everything about the cir- 
cuit, but the oscillation remains. 
In fact, the oscillation is riding 
on the output, the inputs, on sev- 
eral internal modes, and even on 
ground. You turn off the DVM, 
the function generator, the sol- 
dering iron, and the power sup- 
plies; but the oscillation is still 
there. 

Now you start looking around 
the lab to see who has started a 
new oscillator or switching regu- 
lator that is doubling as a me- 
dium-power transmitter. Aside 
from yelling, “Who has a new cir- 
cuit oscillating at 87 kHz?” what 
can you do to solve the problem? 
One useful tool is an ordinary AM 
transistor radio. As we have all 
learned, FM radios reject many 
kinds of noise, but AM radios 
scoop up noise at repetition rates 
and frequencies that would sur- 
prise you. 

~How can a crummy little re- 
ceiver with an audio bandwidth 
of perhaps 5 kHz detect noise in 
the kilohertz and megahertz re- 
gions? Of course, the answer is 
that many repetitive noise-pulse 
trains, whose repetition rates are 
higher than the audible spectrum 
but below the AM frequency 
band, have harmonics that ex- 
tend into the vicinity of 600 kHz, 
where the AM receiver is quite 
sensitive. This sensitivity ex- 


tends to signals with amplitudes 
of just a few microvolts. 

If you are skeptical about an 
AM radio’s ability to detect these 
signals, tune the low end of an 
AM radio dial between stations. 
Then, place it near a DVM or a 
computer and listen for the hash. 
Notice, too, that the ferrite stick 
antenna has definite directional 
sensitivity, so you can estimate 
where the noise is coming from 
by using either the null mode or 
pointing the antenna to get the 
strongest signal. So, the humble 
AM radio may be able to help you 
as you hike around the lab and 
smile pleasantly at your com- 
rades until you find the culprit 
whose new switching regulator 
isn’t working quite right but 
which he neglected to turn off 
when he went out to get a cup 
of coffee. 

On other occasions, the fre- 
quency and repetition rate of the 
noise are so high that an AM re- 
ceiver won’t be helpful in detect- 
ing the problem. What’s the tool 
to use then? Back in the early 
days of radio, engineers found 
that if you ran a vacuum-tube os- 
cillator and immersed it in a field 
of high-power oscillations at a 
comparable frequency, the tube’s 
grid current would shift or dip 
when the frequencies matched. 
This tool became known as the 
“grid-dip meter.” I can’t say that 
I am an expert in the theory or 
usage of the grid-dip meter, but 
I do recall being impressed in the 
early days of monolithic ICs: A 
particular linear circuit was oscil- 
lating at 98 MHz, and the grid-dip 


meter could tickle the apparent 
rectified output error as I tuned 
the frequency dial back and forth. 
That was 20 years ago, and, of 
course, Heathkit has discontin- 
ued their old Grid Dip and Tunnel 
Dip meters in favor of a more 
modern design. The new one, 
simply dubbed “Dip Meter,” uses 
transistors and tetrode FETs. At 
the bargain price of $89, every 
lab should have one. They’ll help 
you ferret out the source of nasty 
oscillations as high as 250 MHz. 
The literature that comes with 
the HD-1250 dip-meter kit also 
lists several troubleshooting tips. 
When grid-dip meters first be- 
came popular, the fastest oscillo- 
scope you could buy had a band- 
width of only a few dozen mega- 
hertz. These days, it is possible 
to buy a scope with a bandwidth 
of many hundreds of megahertz, 
so there are fewer occasions when 
you might need a grid-dip meter. 
Still, there are times when it is 
exactly the right tool. For exam- 
ple, you can use its oscillator to 
activate passive tuned circuits 
and detect their modes of reso- 
nance. Also, in a small company 
where you can’t afford to shell out 
the many thousands of dollars for 
a fast scope, the Dip Meter is an 
inexpensive alternative. 
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Don’t forget about safety: Wear goggles 
when working on high-power circuits and 
keep a fire extinquisher near your work- 


bench. 


(pe-board) traces, use a big enough iron or gun. For 
small and delicate traces around ICs, a small tip is 
essential. And, be sure that the iron is hot enough. 
An easy way to delaminate a trace or pad, whether 
you want to or not, is to heat it for too long a time. 
(The old Heathkit warnings not to use a hot iron be- 
came obsolete along with the germanium transistor. ) 
In some cases, a grounded soldering iron is required; 
in others, a portable (ungrounded or rechargeable) sol- 
dering iron is ideal. Make sure you know whether your 
iron is grounded or floating. 


) Tools for removing solder, such as solder wick 

or a solder sucker. You should be comfortable 
with whatever tools you are using; a well-practiced 
technique is sometimes critical for getting good results. 
If you are working on static-sensitive components, an 
antistatic solder sucker is less likely to generate high 
voltages due to internal friction than is a conventional 
solder sucker. I have been cautioned that a large solder 
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sucker may cause problems when working on narrow 
PCB traces; in that case, solder wick may be the better 
choice. 


) Hand tools. Among the tools you'll need are 

sharp diagonal nippers, suitable pliers, screw- 
drivers, large cutters, wrenches, wire-strippers, and 
a jack knife or Exacto knife. 


) ) Signal leads, connectors, cables, BNC adapters, 

wires, clip leads, ball hooks, and alligator clips— 
as needed. Scrimping and chintzing in this area can 
waste lots of time: shaky leads can fall off or short out. 


) Freeze mist and a hair dryer. The freeze mist 

available in aerosol cans lets you quickly cool 
individual components. A hair dryer lets you warm 
up a whole circuit. You'll want to know the dryer’s 
output air temperature because that’s the temperature 
to which you'll be heating the components. 
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Fig 8—This thermocouple amplifier has inherent cold-junction compensation because of the two halves of Q1, which run at a 1.6:1 current 
ratio. Their Vprs are mismatched by 12 mV + 40.8 pV/°C. This mismatch exactly cancels out the 40.8 pV/°C of the cold junction. For best 
results, you should use four 100-kQ. resistors in series for R; and two 100-kQ. resistors in series with two 100-kQ. resistors in parallel for 
Ro. Qe and its surrounding components implement a correction for very cold temperatures and are not necessary for thermocouple 
temperatures above 0°C. (Credit goes to Mineo Yamatake for his elegant circuit design.) 
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6V OR 9V 


TO ANALOG OR 
DIGITAL 
VOLTMETER 

10 mV/°C 


Fig 9—Beware of using this circuit to measure the temperature of 
very small objects; it will give you less accurate readings than a 


tiny thermocouple with small wires. 

y) A magnifying glass or hand lens. These devices 
are useful for inspecting boards, wires, and com- 

ponents for cracks, flaws, hairline solder shorts, and 

cold-soldered joints. 


y) Bar incandescent lamp or flashlight. You should 
be able to clearly see what you are doing, and 
bright lights also help you to inspect boards and compo- 


nents. 
y) A thermocouple-type thermometer. If your ther- 
mometer is floating and battery powered, you 
can connect the thermocouple to any point in the circuit 
and measure the correct temperature with virtually 
no electrical or thermal effect on the circuit. Fig 8 
shows a thermocouple amplifier with designed-in cold- 
Junction compensation. 

Some people have suggested that an LM35 tempera- 
ture-sensor IC (Fig 9) is a simple way to measure 
temperature, and so it is. But, if you touch or solder 
an LM835 in its TO-46 package to a device in a TO-5 
or TO-3 case, the device’s leads will increase the ther- 
mal mass and conduct heat away from the device whose 
temperature you are trying to measure. Thus, your 
measurements will be less accurate than if you had 
used a tiny thermocouple with small wires. 
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You’ve come to the end of my list of essential equip- 
ment for ordinary analog-circuit troubleshooting. De- 
pending on your circuit, you may not need all these 
items; and, of course, the list did not include a multi- 
tude of other equipment that you may find useful. 
Logic analyzers, impedance analyzers, spectrum ana- 
lyzers, programmable current pumps, capacitance me- 
ters and testers, and pulse generators can all ease 
various troubleshooting tasks. 

Each of you will have your own idea of what is 
essential and what is unnecessary for your special case, 
and I would be delighted to get feedback on this sub- 
ject. You can write to me at Mail Stop C2500A, Na- 
tional Semiconductor Corp, Box 58090, Santa Clara, 
CA 95052. 
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Hi.T, the high-throughput tester 
from LTX, gets a tenfold speed 
boost through a new technique: 
a local Digital Signal Accelerator 
that reads the A/D’s output 
directly and does the bulk of the 
calculation on the fly. Which 
leaves the downstream array 
processor to compute results on 
one tenth the original data — in 
one tenth the time of other 
testers. 
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Design Feature 


Drive scheme 
holds key to 
dc motor performance 


To optimize the performance of a brushless 
dc servomotor system, you must select the 
proper motor drive scheme. Two popular 
drive options, the 6-step and the sine-wave 
designs, ulustrate how output torque, cur- 
rent ripple, and PWM techniques can af- 
fect system performance. 


Malcolm B McCormick, Inland Motor 


The key to understanding and using brushless de motor 
and amplifier systems involves commutation—knowing 
both when and how much voltage to apply to which 
motor phase in order to obtain the desired rotation 
and torque in the right direction. And selecting the 
right sensors and understanding the motor’s specific 
design are both prerequisites to truly reliable commu- 
tation for a brushless de servomotor. 

Sensors that are assigned to specific rotor positions 
determine the timing-control aspect of commutation. 
These devices may be magnetic or optical, but they 
must provide sufficiently accurate, reliable information 
on the position of the motor rotor. 

How much voltage to apply during commutation de- 
pends on the motor’s design. In some cases, how much 
voltage may mean all of the voltage available. There 
are 2 predominant commutation schemes at present— 
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the 6-step (or square-wave or trapezoidal) and the sinu- 
soidal (or sine-wave) designs. Because the 6-step con- 
figuration is the simpler of the two to implement, it’s 
a good place to start examining the relationship be- 
tween motor design and commutation. 


Taking it step by step 

For 6-step commutation, Fig 1 shows a typical back- 
EMF waveform for a brushless de motor. It consists 
of three sinusoidal voltages—Vap, Vgc, and Vca— 
which are evenly spaced in time. From an electrical 
standpoint, these sine waves repeat themselves every 
360° and are spaced 120° apart. The actual number of 
cycles per physical rotation of the rotor depends on 
the specific motor design. (Although this example 
shows a 3-phase motor waveform, the rules apply to 
motors with any number of phases.) 

Torque performance varies with rotor position. A 


Fig 1—A typical back-EMF waveform for a brushless dc motor 
consists of three sinusoidal voltages. The dotted lines designate the 
peak torque regions. 
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A motor’s design determines how much volt- 
age to apply during commutation. 


motor’s ability to generate torque exhibits the same 
wave shape as the motor’s back-EMF waveform. This 
fact holds true for any shape of back-EMF waveform. 
It’s important to remember this point when applying 
brushless de motor amplifiers because the back-EMF 
wave shape, combined with a need for a constant 
torque regardless of rotor position, may make some 
interesting and difficult demands on the amplifiers. 

The correlation between a motor’s ability to generate 
torque and the shape of its back-EMF waveform also 
means that applying voltage to phases A and B (Vap) 
when the rotor is in a position corresponding to the 
zero crossing of Vap obviously yields no torque at all. 
For the waveforms shown in Fig 1, you must apply 
the voltage in the peak back-EMF regions to develop 
peak torque and to properly commutate a motor. The 
vertical dotted lines on the back-EMF waveform dia- 
gram in Fig 1 designate the peak torque regions. 

Fig 2 shows the outputs of Hall-effect devices—H ap, 
Hgc, and Hcg. These devices sense the magnetic field 
of the rotor that’s also generating the motor’s back- 
EMF waveforms. Note that the outputs of the Hall- 
effect devices correspond to the zero crossings of the 
back-EMF waveforms. Note too that when V ap is posi- 
tive, Hap is also positive. 

Manufacturers differ in the way they set up the rela- 
tionship between a rotor-position sensor and the motor 
phase, and you should know precisely which relation- 
ship a manufacturer is supplying. You can logically 
combine the rotor-position-sensor outputs to yield 6 
separate commutation sectors, which are indicated as 
position sectors in Fig 3. In this case, the sector (or 
state) numbering shown is specific to Inland products. 

Fig 4 shows power transistors arranged in a totem- 
pole configuration and connected to a power supply 
and to phases A, B, and C of the motor. The excitation 
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table in Fig 3 shows which transistors turn on as a 
function of the outputs of the rotor-position sensors. 
Note that the 6-step commutation function takes ad- 
vantage of the negative portions of the back-EMF 
waveforms as well as the positive ones. By reversing 
the phase polarity, you can make use of all torque 
peaks. The 6-step commutation process starts with sec- 
tor 1, goes through to sector 6, and then repeats. 


Don’t neglect torque variations 


Remember that torque varies with rotor position. 
Since the 6-step commutation scheme applies a square- 
wave voltage each time the motor commutates, the 
shape of the back-EMF waveform—as well as the mo- 
tor’s magnetic circuit—determines the amount of 
torque ripple that occurs during one motor revolution. 
While commutation-only controller designs are suffi- 
cient for many applications, designers must be aware 
of the potential for torque variation. 

Unless the data sheet says otherwise, manufacturers 
typically measure a motor’s torque constant, K;, in one 
of two ways: They run the motor (at a constant speed) 
as a generator and convert the measured value of the 
motor voltage, Kp, to Ky; or they determine K; at the 
peak torque point under stall conditions. Because of 
the way manufacturers characterize the torque con- 
stants, you may find that motor data sheets don’t al- 
ways indicate the torque characteristics fully. 

The bottom line is quite simple—multiplying the mo- 
tor’s Ky by motor current may not yield output torque 
for all rotor positions. Commutating a motor with a 
6-step, or square-wave, drive typically can generate a 
torque ripple of 7.2%. Often, brushless de motors are 
designed so that the back-EMF wave shapes are trape- 
zoidal—that is, the wave shape during commutation 
is flat. A flat wave shape indicates a motor whose 


IN PHASE 
WHVis |” 


_ IN PHASE 
WITH Vec 


IN PHASE 


Fig 2—Although sensor transitions in this 
figure correspond to the zero crossings of 
the waveforms in Fig 1, other relationships 
are possible. To implement a proper commu- 
tation scheme, you must know which rela- 
tionship your motor manufacturer supplies. 


Hac = Hca 
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torque is constant (for a constant-current input) over 
one revolution. 

You can also use pulse-width modulation (PWM) to 
control how much voltage you apply to the motor. As- 
sume, for example, that the motor is stalled in sector 
1 and transistors Qat+ and Qp are on (Fig 3). This 
condition connects the supply voltage to phases A and 
B, driving current from phase A to phase B. If you 
pulse either transistor off and on, you'll interrupt the 
current flow from the power supply. 

Pulsing the transistors at a constant frequency while 
varying the on:off ratio modifies the applied voltage 
at the rate of the duty cycle. For example, if a constant- 
frequency logic signal that has a 50% duty cycle goes 
to the proper transistors (according to the commutation 
rules), the motor will rotate. However, the motor will 
not rotate as fast as it would using position-decoding 
alone. 

The selection of a PWM frequency for an amplifier 
usually involves a tradeoff: The PWM frequency should 
be as high as is possible in order to limit current ripple. 
To reduce motor overheating, the form factor (ie, the 
ratio of average motor current plus rms ripple divided 
by average current) should be as close to 1.0 as possi- 
ble. PWM techniques always involve some heating, 
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Fig 4—This totem-pole configuration takes 
advantage of both the positive and negative 
portions of the back-EMF waveform. 
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so the rms component of motor current causes heating 
of the motor even if the average motor current is zero. 
You can determine the current ripple for a given sys- 
tem at the time of stalling by using the following equa- 
tion: dl =(E x dt)/L, where E is the power supply volt- 
age, dt is the duty cycle On time, and L is the motor’s 
inductance. 


Watch for transistor-switch power losses 


At some point, transistor-switch power losses limit 
how high the PWM frequency can be. The trend today 
is to switch at frequencies above the audible range, 
although some applications still switch in the 5- to 10- 
kHz range. Alternatively, you might want to consider 
PWM as a form of sampling. From this vantage point, 
in order to accurately control motor current, the PWM 
frequency (sampling rate) has to be high enough to 
provide the desired current-loop bandwidth. And in 
selecting a PWM frequency, you must still take the 
system voltage, the motor’s inductance, and the mo- 
tor’s commutation into account. 

There are other methods for changing a motor’s 
speed. You might, for example, use a voltage regulator 
to adjust the supply voltage. PWM, however, has one 
significant advantage—it uses the commutation tran- 


101=5y : 100=44 | 110=6, | 010=24 | 011 =34 | 001 =11 | 101 =5y 


> | 


Fig 3—By logically combining the sensor 
outputs shown in Fig 2, you can develop 6 
separate position sectors. This sector (or 
state) numbering system is specific to Inland 
Motor. 
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The 6-step commutation scheme takes ad- 


vantage of both the positive and negative 
portions of the back-EMF waveform. 


sistors as switches rather than linear elements, thus 
reducing device heat dissipation. And since you need 
the transistors anyway, it’s better to use them as con- 
trolled, high-frequency switches. 

A general rule of thumb for ensuring that the ampli- 
fier can accurately control the motor current is to re- 
quire that the motor inductance be at least 20 wH for 
every volt of the system’s power supply. In other 
words, for a 100V dec power-supply bus, the motor 
should have a minimum inductance of 2 mH. 


Sinusoidal commutation has its benefits 


With sinusoidal commutation schemes, torque ripple 
over a complete revolution of the motor is nearly zero. 
If you design the drive electronics to provide sinusoidal 
current excitation and then apply this excitation to all 
three phases on a continuous basis, you can compensate 
for the motor’s characteristic torque ripple. 
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For a motor with sinusoidal back-EMF waveforms, 
you can express torque as: 


To=T1+T2+T3 (1) 
where 


Ti =IaKisin 0, 
To =IpK;sin (@ — 120°), and 
T3 = IcK;sin(0 — 240°). 


I,, Ip, and Ic are the motor phase currents; K; is the 
motor torque constant. 

If you modulate the motor-phase currents to produce 
the desired sinusoidal wave shape, then: 


I, =Isin 8, 
Ip =Isin (@— 120°), and 
Ic = Isin (6 — 240°). 


Substituting these values into Eq 1 yields: 


To = Ki[sin’@ + sin*(@ — 120°) + sin?(6 — 240°) 
= 1.51K,. 


Thus, the torque output is independent of rotor posi- 
tion. Note that for a wye-wound motor, the current 
waveform is 80° out of phase with the motor terminal 
waveforms and in phase with the motor terminal-to- 
neutral waveform. 


Regeneration can cause problems 


Regardless of which commutation scheme you use, 
you must address the regeneration problem. During 
motor braking and reversal, energy stored in the rotat- 
ing motor and system returns to the amplifier’s power 
supply. If the primary source of power is a battery or 
a motor generator, the regenerative current simply 
flows back into the supply. 

Often, however, the source simply cannot accept the 
regeneration current. In such cases, the current pumps 
up the supply’s nominal value to a level that’s depend- 
ent on the inertia of the system—both motor-rotor 
inertia and load inertia. If only a small amount of en- 
ergy is stored, the supply increase will be small, and 
the power-supply filter capacitors may be able to ab- 
sorb the energy so that it has no effect on the drive 
amplifier. If the stored-energy level is high, you must 
clamp the supply voltage to a safe level. To do so, 
select load resistors that can dissipate the stored en- 
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ergy as heat. When you're selecting an amplifier during 
the system design phase, it’s important to take this 
regeneration-related voltage rise into consideration. 


Don’t forget phase advance 


The commutation points shown in Fig 1 are centered 
on either side of the back-EMF waveform. If the sys- 
tem voltage is 100V dc, then the voltage available for 
creating motor current equals 100V de minus the back- 
EMF voltage. For the quasi-sinusoidal wave shape 
shown in Fig 1, you can see that the supply and back- 
EMF voltage difference is not a constant—it varies 
as a function of the wave shape. By adjusting the com- 
mutation points so that the motor commutates earlier 
on the back-EMF waveform, you can increase the aver- 
age voltage difference between the supply voltage and 
the back-EMF voltage, and the motor will run faster. 

This adjustment of commutation points is similar to 
rotating the position of the brushes relative to the 
permanent magnetic field in a brush-type motor. How- 
ever, this technique discussed here is direction depend- 
ent; commutating early in one direction causes late 
commutation in the other direction. Tests show that 
controlled phase advance can provide extended motor 
performance for both 6-step and sine-wave amplifiers. 
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Interface 
Modules for: 


Flat cable connectors 
D-Subminiature metal 
connectors, and more 


Edge card connectors 
IC DIP and ZIF (zero 
insertion force) sockets 


Available in a wide range 
of standard lead counts 
Mountable on standard DIN rail rode) 
systems or SNAPTRACK™ 

Based on 2M Series terminal blocks 
Discrete wiring interface provided through 
terminal block arrays : 
Screws/terminals in ready- 
to-wire position to cut wiring 
time in half 

Semi-custom and full- 
custom options available | 
Offers more design flexibility t 
than any other system. (If 
you don't see what you 
need, just ASK!) 


Request your 
copy of our new 
Interface Module Catalog 


Ask us about our full line of Terminal Blocks and SNAPTRACK™ 


Flat Cable Connector, Relay & Timer Socket Assemblies 


For Samples and Quofations 


1-800-682-7333 


In Ilinois 1-312-682-4100 


FRADE 


Quality and Innovation 


525 Randy Road 
Carol Stream, Illinois 60188 
Tel. (312) 682-4100 FAX 312-682-4562 


In Canada: AUGAT Electronics, Inc., Missisauga, Ontario, 
Tel. (416) 677-1500 
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WE'RE KNOWN BY 
THE COMPANIES WE KEEP 


Leadership in this industry is earned. Interphase has 
earned the top position in controller technology for disk, 
tape and networking in the VMEbus and Multibus open 

systems markets. But don't take our word for it. Ask the 
people who use our products as part of their products — 
Silicon Graphics, Apollo, Siemens, FileNet Corporation, 

Convex, MIPS, Stellar—and that’s to name just a few of 
our more than 200 active customers. 


And if you really want to know what they think of us, 
consider this. While they all started buying only one 
product from us, most of our top customers now inte- 
grate several Interphase controllers into their systems. 
Some buy almost our entire product line — surely the 
ultimate statement of Customer satisfaction. 


Interphase leadership is rooted in our nearly 15 year 
heritage of consistently setting technology trends and 
performance benchmarks that others have followed. 
With Interphase as your technology partner, you gain a 
valuable member of the team that always keeps you... 


...A Step Ahead. 
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ETHERNET SOLUTIONS 
FOR VMEbus 


Ethernet can be frustrating. No one 
likes putting up with an Ethernet link 
that has low throughput. And for the 
system or network designer, the real 
price of a slow network Is stagge!- 
ing. Just think about the productivity 
lost when almost every node is idly 
waiting for the network. 


Often, the culprit is not the network 
itself, but slow, poorly-designed node 
controllers. Now, Interphase gives 
you solutions that are measurably 
better. 


Interphase has a connectivity strategy 
for a wide range of VMEbus-to- 
Ethernet applications. The solution 

is two new products: the V/Ethernet 
3207 Hawk and V/Ethernet 4207 
Eagle. 


3207 Hawk 


HIGH-PERFORMANCE NODE 
CONTROLLERS 


An elegantly partitioned architecture 
and powerful 16 MHz 68020 proces- 
sor give the Eagle plenty of power 
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for on-board protocol processing, yet 
provide outstanding throughput in 
link level applications. In fact, the 
Eagle is able to continuously saturate 
the Ethernet cable even with packets 
as small as a few hundred bytes. The 
other side of the performance ques- 
tion is the VMEbus interface. Here 
the Eagle has Interphase’s exclusive 
BUSpacket Interface™ which transfers 
data over the VMEbus at more than 
30 megabytes per second. 


LOW COST-PER-NODE 
SOLUTION 


Our V/Ethernet 3207 Hawk offers a 
cost-effective approach to network 
access and node control. The Hawk 
has high-speed, dual-ported mem- 
ory, innovative memory mapping 
capabilities, and a set of pipeline 
registers which prevents the bus 
from being monopolized during 
network access. For link-level perfor- 
mance at a surprisingly low cost, the 
Hawk can't be beat. 


NETWORK LEADERSHIP 


Interphase has consistently led the 
industry in high-performance periph- 
eral controllers. It Should be no sur- 
prise that our advanced technology 
has been applied to these two 
Ethernet controllers. 


4207 Eagle 


NETWORKING SOLUTIONS 


Interphase provides the high- 
performance Ethernet solutions you 
need today. And just as we have for 
our first 15 years, we continue to set 
trends in technology and standards 
for performance that others follow. 
With Interphase as your technology 
partner, you gain a valuable member 
of the team that always keeps you... 


...A Step Ahead. 


INTERPHAS 


ae, 
me CORPORATION 


OPEN SYSTEMS CONTROLLERS 
Disk + Tape « Networking 


2925 Merrell Road « Dallas, Texas 75229 + (214) 350-9000 » FAX: (214) 352-4124 » NASDAQ-NMS:INPH- 
Interphase International 

93a New Street, Aylesbury, Bucks. ° HP20 2NY, England « (01144) 296-435661 * FAX: (01144) 296-433160 

Interphase is registered trademark of Interphase Corporation. BUSpacket Interface is a service mark of Interphase Corporation. 
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INTRODUCING TEK'S 


20 GHZ, MULTICHANNEL 


ine characterizing 
ECL, or high-speed 
T circuits with 1 pico- 
second rep ility and 
__ 01 picosecond sample 

_ interval. 

-Or acquiring not one or 
two, but up to 68 channels of — 
waveform dala simullaneously. 


ipandey aca 


_ makes previously difficult 


accuracy. 

Nothing else lets you 
work at the leading edge 
with so much confidence. 
The new Tektronix 11800 Series 


measurements routine. E: ven if 


tion delay measurements to the the 118 


push of a button. Or perform- — 
ing single-ended TDR and— 
or the first time—true differ- 


-0uS—not just misleading — 
snapshots.” Mean and sta 

~ dard deviation statistics on 
~ €ach measurement give you ¢ 
— true picture of measurement 
een 


OMPREHENSIVE 
EASUREMENT SYSTEM. 


ential TDR, with unprecedented 


With its maximum 156 
acquisition channels, complete 
programmability, extensive on- 
board waveform processing 
and unparalleled accuracy, the 
11800 Series is the clear choice 
for designers and engineers 
working at the leading 


edge of technology. 


en there's no room 
r error, count on Tek. 
For more information on these 
I rs : other és Sass, rates at 


Over twice the speed, 


If your design involves binary image processing, you can drive it 
Straight to the winner's circle with NEC’s Advanced Compression/ 


Expansion Engine (ACEE). 


Higher speed. 
The CMOS ACEE gives you more than twice the speed of con- 
ventional devices: 0.34 sec for compression and 0.54 sec for 


expansion of 1,728 x 2,376 bits of binary data with MMR coding. 


Greater functionality. 

q By integrating pipelined code/decode hardware, CPU and 

DMA controller all on a single chip, our high-performance engine 
_ Streamlines your design while boosting performance. The CPU 
handles enlarge/shrink, bit boundary processing and multi-tasking 
routines such as simultaneous transmit/receive. And a sophisticat- 


_ ed command structure assures easy interface with the host. 
: Put your image storage system, facsimile or PC-FAX on the fast- 
track to success with NEC's Advanced Compression/Expansion 


Engine. For full details, call NEC today. 


For fast answers, call us at: 

USA Tel:1-800-632-3531. TWX:910-379-6985. Sweden Tel:08-753-6020. Telex:13839. 

W. Germany Tel:0211-650302. Telex:8589960. France Tel:1-3946-9617. Telex:699499. 
C:C Computers and Communications The Netherlands Tel:040-445-845. Telex:51923. italy Tel:02-6709108. Telex:315355. 
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maximum functionality. 


NEC's Advanced 
Compression/Expansion 


ACEE features 


CX High speed: 0.34 sec (compression) LI Bit boundary processing. 
and 0.54 sec (expansion) for 1,728 x CO Multi-tasking: time-division multiplex 
2,376 bits with MMR coding—A4-size operations include code 4% 

CCITT standard test charts No. 1—8. conversion between 

C1 3 coding systems: MH, MR, MMR— G3 (MH, MR) and 
compatible with G3 and G4 facsimiles. G4 (MMR). 

LJ Max window size: 32K-pixel wide x LI Packages: 64-pin ., 
64K-pixel high. shrink DIP; 68-pin PLCC.” 


UK Tel:0908-691133. Telex:826791. Singapore Tel:4819881. Telex:39726. 
Hong Kong Tel:3-755-9008. Telex:54561. Australia Tel:03-267-6355. Telex:38343. 
Taiwan Tel:02-522-4192. Telex:22372. 
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If youre designing tactical military systems, it's more logical than ever to come to Harris 
for all your High-Rel logic needs. Because we've just introduced well over 50 ACL logic 
devices that give you the speed of FAST* plus all the benefits of CMOS. These devices, fully 
compliant to Mil-Std-883 Rev CG, are available in both AC and ACT 


T’TL-compatible) versions. 


all toll-free, 1-800-4-HARRIS, ext. 23 


In Canada, 1-800-344-2444, ext. 23 


In Europe, call: Brussels, (02) 246-21-11; Paris, (1) 39-46-57-99; London, (276) 68-59-11; Milano, (2) 82-291; Munich, (089) 63813-0; Stockholm (08) 793-9500. 


Reporting for Duty 


Two Hex Inverter/Buffers* One 4-Bit Full Adder with Fast Carry One 9-Bit Odd/Even Parity Generator/Checker 

Three Quad 2-Inputs* Two 4-Bit Binary Counters Three Octal Buffer Line Driver 3-State (inverting) * 

Three Dual Flip-Flops Two Synch 4-Bit Binary Up-Down Counters One Octal Transparent Latch 3-State 

Two 3- to 8- Line Decoder Two Octal Buffer Line Driver 3-State* One Octal D-Type Flip-Flop 3-State* 
Demultiplexers* Two Octal BUS Transceiver 3-State* One Octal Transparent Latch 3-State(Inverting) 

Two Quad 2-Inputs Multiplexers One Quad 2- to 4- Line Data Selector One Octal InvertingTransparent Latch 3-State 


*Standard Military Drawings available 


+ FAST is a trademark of National Semiconductor Corp. 


SEMICONDUCTOR 
HARRIS - RCA - GE - INTERSIL 
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Technical-Article Database Index 


(May through October 1988) 


Including EDN, EDN News, Electronic Design, 


Electronics, Electronic Products, Computer Design, and 
ESD 
With compliments from EDN 


To use this database... 


. . .Look for the topic of interest in the keyword 
index. If your topic isn’t one of the keywords, try 
a related, but less specific, topic. Then go to the 
appropriate page in the database and scan the arti- 
cle titles, which are listed alphabetically within each 
keyword category. Information provided in each 
listing includes article title, author, company, 
magazine name, issue date, starting page number, 
and article length. 

For more information on the articles listed, 
please contact each magazine directly. 


(Photo courtesy IC sensors) 


EDN and EDN News 
Cahners Building 

275 Washington St 
Newton, MA 02158 
(617) 964-3030 


Computer Design 

1 Technology Park Dr 
Westford, MA 01886 
(508) 692-0700 


Electronic Design 

10 Holland Dr 

Hasbrouck Heights, NJ 07604 
(201) 393-6052 


Electronic Products 
645 Stewart Ave 
Garden City, NY 11530 
(516) 227-1300 


Electronics 

10 Holland Dr 

Hasbrouck Heights, NJ 07604 
(201) 393-6000 


ESD 

1900 W Park Dr 
Westborough, MA 01581 
(508) 898-3210 
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DSP applications ride the wave of floating-point processing. Andrews, 
Warren, Contributing Editor; Computer Design, 09/01/88, pg 50, 10 
pgs. 

Monolithic floating-point processors streamline microcomputer design. 
Fleming, Tarlton, Associate Editor; EDN, 06/23/88, pg 81, 3 pgs. 
Multistandard floating-point processors buoy CPUs. Cormier, Denny, 

Senior Technical Editor; ESD, 07/88, pg 25, 1.5 pgs. 


Artificial intelligence 

AI research anticipates look of graphics and databases. Schindler, Max, 
Software Editor; Electronic Design, 07/28/88, pg 145, 4 pgs. 

AI techniques enter the realm of conventional languages. Falk, Howard, 
Contributing Editor; Computer Design, 10/15/88, pg 45, 4.5 pgs. 
Can expert systems survive? Some say ‘yes’. Manuel, Tom, Senior Edi- 

tor; Electronics, 06/88, pg 126, 2 pgs. 

Data transformation explains the basics of neural networks. Conner, 
Doug, Regional Editor; EDN, 05/12/88, pg 138, 7 pgs. 

Expert systems: Picking the right problem. Aseo, Joseph, West Coast 
Technical Editor; ESD, 08/88, pg 68, 4 pgs. 

PC-based development products move AI out of the classroom, into the 
workplace. Terry, Chris, Associate Editor; EDN, 08/18/88, pg 71, 
5.9 pgs. 

Surprisingly, a new AI crop may be making it. Manuel, Tom, Senior 
Editor; Electronics, 06/88, pg 128, 2 pgs. 


Automatic test equipment/techniques 

Board test philosophies change. Shirachi, Douglas, Market Intelligence 
Research; EDN NEWS, 08/88, pg S64, 2 pgs. 

Complex ICs challenge tester makers. Martin, Emily L, Contributing 
Reporter; EDN NEWS, 08/88, pg S58, 1.5 pgs. 

New rules of the ATE game. Clarke, Michele, Associate Editor; EDN 
NEWS, 08/88, pg S57, 2 pgs. 
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Backplanes 
Multilayer backplanes require careful design specs. Mosley, J D, Re- 
gional Editor; EDN, 07/07/88, pg 208, 6.5 pgs. 


Batteries 

Lithium cells keep CMOS RAM alive during line outages. Muller, Nico- 
las, Renata, et al; EDN, 05/12/88, pg 191, 5 pgs. 

Small distributors fill battery needs. Coco, Donna, Staff Editor; EDN 
NEWS, 07/88, pg 21, 2 pgs. 


Board-level computers 

32-bit micros attract plug-in development boards. Myrvaagnes, Rodney, 
Associate Editor; Electronic Products, 08/01/88, pg 22, 3.5 pgs. 

Add-in »P boards break various hosts’ speed limits. Gallant, John, 
Associate Editor; EDN, 07/21/88, pg 240, 9 pgs. 

Application tuning: a key to RISC system development. Wilson, Ron, 
Senior Editor; Computer Design, 08/01/88, pg 21, 3 pgs. 

Dealing the development cards. Maltz, Irwin R, Advanced Micro De- 
vices; ESD, 09/88, pg 105, 2 pgs. 
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Designers’ buying guide. Staff; Computer Design, 08/15/88, pg 63, 38 pgs. 

Designers hone SBCs to utilize full 32-bit power. Lieberman, David, 
Senior Editor; Computer Design, 08/15/88, pg 50, 9 pgs. 

Focus on OEM boards and buses. Phillips, Barry W, Technology Editor; 
Electronic Design, 09/22/88, pg 179, 4.5 pgs. 

G-64 board provides X.25 communications. Pabouctsidis, Cosma, Ges- 
pac; EDN NEWS, 06/88, pg 5, 1.5 pgs. 

In search of the high-performance controller. Lieberman, David, Senior 
Editor; Computer Design, 09/15/88, pg 44, 8 pgs. 

Industrial motherboards take route 386. Vaughan, Jack, Managing Edi- 
tor; ESD, 07/88, pg 32, 2 pgs. 

Multibus II computer-board directory. Harold, Peter, European Editor; 
EDN, 09/15/88, pg 169, 15.5 pgs. 

Source list ... Multibus boards. Staff; Electronic Products, 07/15/88, 


pg 26, 5 pgs. 


Business/legal/professional, other 

1988 midyear market report - The balloon is still going up as the recovery 
continues. Wolff, Howard, Managing Editor; Electronics, 07/88, pg 
81, 1 pg. 

Kurope 1992 poses a challenge for the US electronics industry. Gee, 
Jack, Contributing Editor; EDN, 10/27/88, pg 139, 3 pgs. 


CMOS logic 
Static-system design exploits low-power CMOS. Niewierski, Walter J, 
Harris Semiconductor; EDN, 08/04/88, pg 159, 5 pgs. 


CMOS technology 

Fast GaAs and BiCMOS parts rekindle designers’ interest in ECL. 
Wilson, Ron, Senior Editor; Computer Design, 08/15/88, pg 21, 2 pgs. 

Static-system design exploits low-power CMOS. Niewierski, Walter J, 
Harris Semiconductor; EDN, 08/04/88, pg 159, 5 pgs. 


Cabinets/enclosures 

Enclosure shielding takes many forms. Stubbs, George, Managing Edi- 
tor; EDN NEWS, 06/88, pg 8, 2.5 pgs. 

Enclosures that satisfy demanding electronic applications. Chester, Mi- 
chael, Southwestern Editor; Electronic Products, 08/01/88, pg 29, 6 


pgs. 


Cache memory 
Small drives go head-to-head for high capacity. Aseo, Joseph, West Coast 
Technical Editor; ESD, 07/88, pg 17, 1 pg. 


Capacitors 
Tantalum capacitors keep getting better. Hyland, William, Mepco; 
Kauffman, William, Centralab; Electronics, 05/26/88, pg 93, 3 pgs. 


Circuit packages 

Innovative packages emerge to carry faster, denser chips. DeSena, Art, 
ADS Associates; Computer Design, 10/01/88, pg 35, 5 pgs. 

Modules yield denser systems. Davies, Will, Dallas Semiconductor; 
EDN NEWS, 08/88, pg 1, 2 pgs. 

Standard ICs come in fine-pitch packages. Harbert, Tammi, Senior Edi- 
tor/News; EDN NEWS, 10/88, pg 3, 2 pgs. 


Communications ICs 

2,400-bit/s modem ICs add functionality, preserve design flexibility. 
Mayer, John H, Senior Associate Editor; Computer Design, 08/15/88, 
pg 105, 3 pgs. 

Bus-interface ICs. Wright, Maury, Regional Editor; EDN, 05/26/88, pg 
123, 11.5 pgs. 

Chip makers face ISDN software dilemma. Shandle, Jack, News Analy- 
sis Editor; Electronics, 09/88, pg 26, 1 pg. 

Ethernet controller adds communications to SCSI bus. Russ, Tomas, 
Massachusetts Institute of Technology; Electronic Design, 09/08/88, 
pg 91, 5 pgs. 

ISDN: The building blocks come together at last. Hardwick, Steve, 
Siemens Components; Electronic Design, 09/22/88, pg 127, 4.5 pgs. 

Probing the intricacies of ISDN bus structures. Till, Johna, Technology 
Editor; Electronic Design, 09/22/88, pg 48, 4.5 pgs. 

Updating the action in ISDN ICs. Spadaro, Joseph J, Associate Editor; 
Electronic Products, 09/01/88, pg 33, 3.5 pgs. 


Computer firmware 

Color-palette chips bundle extra features with RAM look-up table and 
DACs. Conner, Margery S, Regional Editor; EDN, 09/29/88, pg 67, 
3.33 pgs. 

EDN’s 15th Annual pP/nC Chip Directory. Titus, Jon, Editor; EDN, 
10/27/88, pg 164, 47 pgs. 


Computer languages/compilers/interpreters 
AI techniques enter the realm of conventional languages. Falk, Howard, 
Contributing Editor; Computer Design, 10/15/88, pg 45, 4.5 pgs. 
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Better code: A sure bet for RISC. Olson, Tim, Advanced Micro Devices; 
ESD, 09/88, pg 69, 2 pgs. 

Building new software from reusable blocks. Naegele, Tobias, Military 
& Aerospace Editor; Electronics, 09/88, pg 171, 1.5 pgs. 

Compiler molds microcode to any architecture. Andrews, Michael, Space 
Tech, et al; Computer Design, 05/01/88, pg 85, 4 pgs. 

Configurable compilers enhance speed and productivity. Aseo, Joseph, 
West Coast Technical Editor; ESD, 08/88, pg 24, 1 pg. 

Math joins AI to produce code that’s compact and correct. Schindler, 
Max, Software Editor; Electronic Design, 06/23/88, pg 101, 7 pgs. 

OS designers consign much of 386’s power to writers of applications 
programs. Small, Charles H, Associate Editor; EDN, 05/12/88, pg 
61, 4 pgs. 

Object-oriented programming eases quandary of code quality. Schindler, 
Max, Software Editor; Electronic Design, 05/26/88, pg 123, 10 pgs. 

Optimizing compilers address debugging and user control constraints. 
Falk, Howard, Contributing Editor; Computer Design, 07/88, pg 48, 
5.5 pgs. 

Raising the stakes with optimizing compilers. Johnson, Tom, Motorola; 
ESD, 09/88, pg 64, 2.5 pgs. 

VHDL: The lingua franca of design? Young, Jeremy, Features Editor; 
Electronics, 05/12/88, pg 32, 1 pg. 


Computer operating systems/system software 

Automated optimization refines SIMD microcode for efficient program- 
ming. Mueller, Robert A, Budge, Dan, Quantitative Technology; 
Computer Design, 10/01/88, pg 67, 4.5 pgs. 

But does it do windows? Aseo, Joseph, West Coast Technical Editor; 
ESD, 06/88, pg 61, 4 pgs. 

Math joins AI to produce code that’s compact and correct. Schindler, 
Max, Software Editor; Electronic Design, 06/23/88, pg 101, 7 pgs. 

OS designers consign much of 386’s power to writers of applications 
programs. Small, Charles H, Associate Editor; EDN, 05/12/88, pg 
61, 4 pgs. 

Object-oriented programming eases quandary of code quality. Schindler, 
Max, Software Editor; Electronic Design, 05/26/88, pg 123, 10 pgs. 

Real-time Kernel, real-time applications. Kane, Van R, Intel; ESD, 
08/88, pg 55, 4.5 pgs. 

Speed software development with a real-time OS. Dahn, Curt, Gespec; 
Electronic Design, 05/12/88, pg 123, 4.5 pgs. 

Unix gains edge over OS/2 by running DOS applications. Williams, 
Tom, Western Managing Editor; Computer Design, 10/15/88, pg 26, 
3 pgs. 


Computer software, application generator 
Function libraries can expedite the development of application programs. 
Terry, Chris, Associate Editor; EDN, 05/26/88, pg 81, 3.67 pgs. 


Computer software, communications/networking 

Peer-to-peer protocol facilitates real-time communications. Atallah, Deif 
N, Intel; EDN, 08/18/88, pg 179, 6.5 pgs. 

Retargetable tools ease microprogramming of SIMD processors. 
Mueller, Robert A, Benua, Daniel R, Quantitative Technology; 
EDN, 08/18/88, pg 205, 7 pgs. 


Computer software, decision support 

Analog-board-layout tips overcome limitations of CAD software - Part 
2. Quirk, Kimberley F, Engineering Services Group; EDN, 10/27/88, 
pg 315, 6.5 pgs. 


Choosing a PC-based CAD package requires careful scrutiny. Quirk, | 


Kimberley F, Engineering Services Group; EDN, 10/13/88, pg 195, 
6 pgs. 


Computer software, design applications 

Japan’s drive to improve software productivity is picking up steam. 
Cohen, Charles L, Manager; Electronics, 06/88, pg 57, 1 pg. 

Know the territory before you buy PC-based CAE software. Conner, 
Doug, Regional Editor; EDN, 07/21/88, pg 148, 6.5 pgs. 

Logic-synthesis tools forge link between behavior and structure. Goer- 
ing, Richard, Senior Editor; Computer Design, 06/01/88, pg 65, 10 


pgs. 
Software that makes sense. Coco, Donna, Staff Editor; EDN NEWS, 
06/88, pg 1, 1.5 pgs. 


Computer software, graphics 

Is custom BITBLT a RISC? Wilson, Andrew C, Executive Editor; ESD, 
09/88, pg 85, 2.5 pgs. 

One-raster Z-buffer reduces rendering overhead. Jutzi, Curtis, 
Tektronix; ESD, 10/88, pg 91, 2 pgs. 

RISC ups the PostScript ante. Wilson, Andrew C, Executive Editor; 
ESD, 09/88, pg 80, 3 pgs. 

Third-party PC graphics packages streamline your programming tasks. 
Conner, Margery S, Regional Editor; EDN, 08/04/88, pg 55, 4 pgs. 

Turbocharge your graphics algorithm. Lyons, Richard G, ESL; ESD, 
10/88, pg 77, 3.5 pgs. 


Computer software, other 
Automated optimization refines SIMD microcode for efficient program- 
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ming. Mueller, Robert A, Budge, Dan, Quantitative Technology; 
Computer Design, 10/01/88, pg 67, 4.5 pgs. 

Interactive simulation packages prove faster and more versatile than 
ever. Terry, Chris, Associate Editor; EDN, 10/27/88, pg 65, 4 pgs. 


Computer software, performance measurement 

Interactive simulation packages prove faster and more versatile than 
ever. Terry, Chris, Associate Editor; EDN, 10/27/88, pg 65, 4 pgs. 

Laboratory-automation software. Leibson, Steven H, Regional Editor; 
EDN, 06/09/88, pg 115, 11.5 pgs. 

Simulation helps you design radiation-hard circuits. Walsh, Kevin, Elec- 
trical Engineering Software; Lum, Gary, Lockheed Missiles and 
Space; EDN, 08/18/88, pg 161, 7 pgs. 

Sliding FFT computes frequency spectra in real time. Springer, Tom, 
Pinson Associates; EDN, 09/29/88, pg 161, 8 pgs. 

Test and measurement software offers more than just another pretty 
interface. Mosley, J D, Regional Editor; EDN, 10/13/88, pg 59, 4.67 


pgs. 


Computer software, production test 

Laboratory-automation software. Leibson, Steven H, Regional Editor; 
EDN, 06/09/88, pg 115, 11.5 pgs. 

Test and measurement software offers more than just another pretty 
interface. Mosley, J D, Regional Editor; EDN, 10/13/88, pg 59, 4.67 
pgs. 


Computer software, productivity 
Integrated tool sets simplify software cross-development. Terry, Chris, 
Associate Editor; EDN, 07/07/88, pg 252, 5.5 pgs. 


Computer software, training 
DSP helps keep disk drives on track. Corliss, James, Neubert, Richard, 
Vermont Research; Computer Design, 06/15/88, pg 60, 4.5 pgs. 


Computer subsystems/peripherals, other 

Designers’ buying guide. Staff; Computer Design, 09/15/88, pg 57, 25 pgs. 

Faster processors will drive high-end control. Iverson, Wesley R, Indus- 
trial & Consumer Market; Electronics, 10/88, pg 120, 1 pg. 

High-resolution scanners come of age. Wilson, A., Executive Editor; 
ESD, 10/88, pg 17, 1.5 pgs. 


Computer systems/system design, other 

Neurocomputers find the pattern. Gutschow, Todd, Hecht-Nielson Neu- 
rocomputers; ESD, 10/88, pg 57, 3.5 pgs. 

RISC architectures take on heavyweight applications. Wilson, Ron, Sen- 
ior Editor; Computer Design, 05/15/88, pg 59, 11 pgs. 


Computer-aided design/engineering (CAD/CAE) 

AI for ASICs pinpoints potential problems. Richardson, Scott, et al, 
NCR Microelectronics; ESD, 06/88, pg 45, 4 pgs. 

Analog-board-layout tips overcome limitations of CAD software - Part 
2. Quirk, Kimberley F, Engineering Services Group; EDN, 10/27/88, 
pg 315, 6.5 pgs. 

CAE accelerators race to keep up with gate counts. Bond, John, Senior 
Editor; Electronic Design, 09/08/88, pg 43, 3.5 pgs. 

CAE industry gropes for a tool-integration strategy. Weber, Samuel, 
Editor-at-Large; Electronics, 06/88, pg 118, 2 pgs. 

CAE software uses algorithms instead of schematics. Southard, Jay R, 
Algorithmic Systems; EDN, 08/04/88, pg 125, 8.5 pgs. 

Choosing a PC-based CAD package requires careful scrutiny. Quirk, 
Kimberley F, Engineering Services Group; EDN, 10/13/88, pg 195, 
6 pgs. 

DAC showcases advances in design verification. Milne, Bob, Senior Edi- 
tor; Electronic Design, 06/09/88, pg 63, 5 pgs. 

Designers’ buying guide. Staff; Computer Design, 06/01/88, pg 87, 48 pgs. 

Design-verification systems strive to keep pace with ASIC complexity 
and speed. DeSena, Art, ADS Associates; Computer Design, 06/15/ 
88, pg 36, 5 pgs. 

Know the territory before you buy PC-based CAE software. Conner, 
Doug, Regional Editor; EDN, 07/21/88, pg 148, 6.5 pgs. 

Logic synthesis: A break point in IC design. DeGeus, Aart J, Synopsys; 
Electronic Design, 09/08/88, pg 51, 1 pg. 

Logic-synthesis tools forge link between behavior and structure. Goer- 
ing, Richard, Senior Editor; Computer Design, 06/01/88, pg 65, 10 
pgs. 

Power supply designers say so long to breadboards. Tabrizi, Mehrdad, 
Orgain, Cheryl, Analog Design Tools; ESD, 06/88, pg 53, 4 pgs. 
Sharing design data through networking. Harding, Bill, Contributing 

Editor; Computer Design, 10/15/88, pg 50, 10 pgs. 

Software in the limelight. Spadaro, Joseph J, Associate Editor; Elec- 
tronic Products, 06/01/88, pg 30, 6.5 pgs. 

Software that makes sense. Coco, Donna, Staff Editor; EDN NEWS, 
06/88, pg 1, 1.5 pgs. 

TTL-to-CMOS: AI takes out the kinks. Kirk, Robert, Gould; ESD, 06/88, 
pg 37, 4 pgs. 

VHDL toolsets support design verification. Goering, Richard, Senior 
Editor; Computer Design, 07/88, pg 36, 1.5 pgs. 

Verify at the system level with mixed-mode simulator. Milne, Bob, 
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Senior Editor; Electronic Design, 05/26/88, pg 65, 2.5 pgs. 


Conferences/conventions/shows 

Buscon/88 East will stress emerging trends in computer-bus technology. 
Morrow, Joan, Assistant Managing Editor; EDN, 09/15/88, pg 115, 
1.5 pgs. 

Custom chips, design tools will shine next week. Bursky, Dave, Execu- 
tive Editor, et al; Electronic Design, 05/12/88, pg 27, 6.5 pgs. 

DAC grows stronger in time of show turf wars. McLeod, Jonah, Senior 
Editor; Electronics, 06/88, pg 107, 2 pgs. 

DAC showcases advances in design verification. Milne, Bob, Senior Edi- 
tor; Electronic Design, 06/09/88, pg 68, 5 pgs. 

Mix business with pleasure at Munich’s Electronica. Harold, Peter, 
European Editor; EDN, 10/27/88, pg 118, 2 pgs. 

Siggraph marches through Atlanta. Wilson, A, Executive Editor; ESD, 
09/88, pg 23, 1 pg. 

Software lends support to the lead players: ASICs, DSP ICs. Van Tyle, 
Sherrie, Chief Copy Editor; Electronic Design, 05/12/88, pg 75, 4.5 
pgs. 

The drumbeat will be analog at next week’s custom IC conference. Cole, 
Bernard C, Managing Editor; Electronics, 05/12/88, pg 50, 1.5 pgs. 

Wescon/88 will focus on engineering workstations and automated design 
tools. Mansfield, Clare, Associate Editor; EDN, 10/27/88, pg 133, 2 


pgs. 


Connectors 

Modules yield denser systems. Davies, Will, Dallas Semiconductor; 
EDN NEWS, 08/88, pg 1, 2 pgs. 

Special Report: Connectors for pe boards get smaller and denser. 
Heftman, Gene, Contributing Editor; Electronics, 05/26/88, pg 83, 
4 pgs. 

This military interconnect system does it all. Johnson, Larry, Mowatt, 
Larry, Texas Instruments; Electronics, 05/26/88, pg 96, 3 pgs. 


Consumer electronics 

Advances in personal video could fire up a new market. Iverson, Wesley 
R, Industrial & Consumer Market; Electronics, 10/88, pg 121, 1.5 
pgs. 

Auto electronics grows even faster, but it gets harder to win business. 
Iversen, Wesley R, Department Editor; Electronics, 07/88, pg 53, 5 


pgs. 


Corporate appointments/development/strategies 
A tale of two roads leading into Japan. Iverson, Wesley R, Manager; 
Waller, Larry, Manager; Electronics, 10/88, pg 161, 2 pgs. 

By the mid-90s, the memory market will look a lot like the logic business. 
Cole, Bernard C, Senior Editor; Electronics, 08/88, pg 55, 5 pgs. 
CAE industry gropes for a tool-integration strategy. Weber, Samuel, 

Editor-at-Large; Electronics, 06/88, pg 118, 2 pgs. 
DRAM shortage holds computer makers hostage. Andrews, Warren, 
Contributing Editor; Computer Design, 06/01/88, pg 19, 2.5 pgs. 
Disk suppliers head off incursion of memory chips. McLeod, Jonah, 
Senior Editor; Electronics, 08/88, pg 70, 3 pgs. 

Gazelle aim: Prove word on GaAs is wrong. Cole, Bernard C, Senior 
Editor; Electronics, 06/88, pg 90, 1 pg. 

‘Nationalizing’ Fairchild: more challenges lie ahead. Iversen, Wesley R, 
Department Editor; Electronics, 06/88, pg 148, 2 pgs. 

Technology outlook 1989. Staff; Electronics, 10/88, pg 70, 1.5 pgs. 

The megabit static ram is here, and a US startup jumps in front. Wolff, 
Howard, Managing Editor; Electronics, 06/88, pg 29, 1 pg. 

The open-architecture bus world: too many choices. Lieberman, David, 
Senior Editor; Computer Design, 10/01/88, pg 77, 11 pgs. 


D 


Data acquisition systems/techniques 

Two-chip data-acquisition system plays on the SPI bus. Scalza, Steve, 
GE Solid State Div; Electronic Products, 05/01/88, pg 55, 4 pgs. 

Widespread graphics use spawns diversity in data-compression devices. 
Mosley, J D, Regional Editor; EDN, 09/15/88, pg 87, 4.5 pgs. 


Data acquisition/communications, other 
Universal adapter interfaces peripherals to 1553-bus systems. Dahlin, 
Thomas J, Denis, Marc L, Honeywell Ordnance Div; EDN, 06/23/88, 


pg 167, 5 pgs. 


Data communications systems/techniques 

Bus-interface ICs. Wright, Maury, Regional Editor; EDN, 05/26/88, pg 
123, 11.5 pgs. 

Data transformation explains the basics of neural networks. Conner, 
Doug, Regional Editor; EDN, 05/12/88, pg 138, 7 pgs. 

Design innovations make 1553 controller more flexible. Rider, Steven 
W, Westinghouse ILSD; EDN, 10/13/88, pg 225, 18 pgs. 

FDDI moves closer to fruition as standard network backbone. Shapiro, 
Sydney F, Research/Special Project Mgr; Computer Design, 08/15/ 
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88, pg 35, 3 pgs. 

ISDN components abound as network standards take hold. Leonard, 
Milt, Senior Editor; Electronic Design, 06/23/88, pg 72, 6 pgs. 

PC-resident analog-I/O cards. Travis, Bill, Contributing Editor; EDN, 
09/15/88, pg 150, 11 pgs. 

SCSI host adapters offer superspeed to personal-computer I/O subsys- 
rrtems. Wright, Maury, Regional Editor; EDN, 09/01/88, pg 59, 5.33 
pgs. 

Widespread graphics use spawns diversity in data-compression devices. 
Mosley, J D, Regional Editor; EDN, 09/15/88, pg 87, 4.5 pgs. 


Data converters 

Focus on true 16- to 18-bit DACs: They’re coming of age in IC packages. 
Goodenough, Frank, Senior Editor; Electronic Design, 06/09/88, pg 
131, 5.5 pgs. 

Higher speeds, CMOS designs drive flash A-D converter developments. 
Mayer, John H, Senior Associate Editor; Computer Design, 10/15/88, 
Pg 7h, 6 pgs. 

Improve ac measurement with universal, low-cost rms ICs. Kitchin, 
Charles, et al, Analog Devices; Electronic Design, 07/14/88, pg 117, 
4 pgs. | 

Monolithic high-resolution ADCs. Shear, David, Regional Editor; EDN, 
05/12/88, pg 116, 12.5 pgs. 

Precision DACs enhance the stability of closed-loop designs. McCartney, 
Damien, Curtin, Mike, Analog Devices, BV; EDN, 05/12/88, pg 169, 
7 pgs. 

Program adjustable ATE values with an octal DAC. Byrne, Mike, Mi- 
nogue, Paschal, Analog Devices; Electronic Design, 09/08/88, pg 75, 
3.5 pgs. 

The outlook on ADCs: Accuracy jumps 2 dB/year. Swanson, Eric, Crys- 
tal Semiconductor; Electronic Design, 09/22/88, pg 61, 1 pg. 

Two-chip data-acquisition system plays on the SPI bus. Scalza, Steve, 
GE Solid State Div; Electronic Products, 05/01/88, pg 55, 4 pgs. 


Development systems 

wP advances challenge development-system makers. Miller, George D, 
Editor; EDN NEWS, 09/88, pg 23, 2 pgs. 

Development system customizes coprocessors. Edwards, Ken, Sowin, 
Jack, HILEVEL Technology; ESD, 07/88, pg 55, 4 pgs. 


Digital multimeters (DMMs) 
Inexpensive, shirt-pocket DMMs are smaller and handier than ever. 
Small, Charles H, Associate Editor; EDN, 06/09/88, pg 77, 2 pgs. 


Digital signal processing 

Build 10-band graphic equalizer for stereo with DSP technology. Lane, 
John, Motorola; Electronic Design, 05/26/88, pg 95, 5.5 pgs. 

Build a robotic vision system with a digital signal processor. Shoap, 
Steve, Motorola Semiconductor Products; Electronic Design, 06/23/ 
88, pg 95, 3 pgs. 

DSP applications ride the wave of floating-point processing. Andrews, 
Warren, Contributing Editor; Computer Design, 09/01/88, pg 50, 10 
pgs. 

DSP microcomputers cut pin count and retain performance. Koker, Greg, 
Analog Devices; Electronic Products, 05/01/88, pg 42, 5.5 pgs. 

DSP-based microcontrollers blaze new trails into real-time computing. 
Andrews, Warren, Contributing Editor; Computer Design, 10/15/88, 
pg 23, 2.5 pgs. 

Design a hard-disk controller with DSP techniques. Dunnion, Dermot, 
Stropoli, Mark, Texas Instruments; Electronic Design, 09/22/88, pg 
117, 3.5 pgs. 

Digital signal processing on the VMEbus. Porter, Rick, Burr-Brown; 
Electronic Products, 10/01/88, pg 37, 5.5 pgs. 

EDN’s DSP benchmarks. Shear, David, Regional Editor; EDN, 09/29/ 
88, pg 126, 20 pgs. 

HLL compilers and DSP run-time libraries make DSP-system program- 
ming easy. Shear, David, Regional Editor; EDN, 06/23/88, pg 69, 
5.33 pgs. 

Lower V.32 modem cost with new DSP techniques. Mary, Luc, SGS- 
Thomson Microelectronics; Electronic Design, 06/23/88, pg 83, 4 pgs. 

Program your DSP for imaging. Blattenbauer, John A, Kim, Yongmin, 
University of Washington; ESD, 10/88, pg 39, 4.5 pgs. 

The math behind the mips: DSP basics. Schafer, Ronald W, Georgia 
Institute of Technology; Electronic Design, 09/08/88, pg 105, 4.5 pgs. 

Turning the DSP novice into an expert. Burke, Joe L, Spectral Innova- 
tions; Electronic Products, 09/15/88, pg 28, 5 pgs. 


Discrete components, other 

Tap real power with solid-state rf designs. Manz, Barry, Electronic 
Design, 05/12/88, pg 90, 7.5 pgs. 

Transient suppressors. Chin, Spencer, Associate Editor; Electronic 
Products, 06/01/88, pg 24, 1.5 pqs. 


Disk controllers 

Design a hard-disk controller with DSP techniques. Dunnion, Dermot, 
Stropoli, Mark, Texas Instruments; Electronic Design, 09/22/88, pg 
117, 3.5 pgs. 
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Display drivers 

LCD window controller makes instrument displays easy. Klingman, 
Ed, Cybernetic Micro Systems; Electronic Design, 07/28/88, pg 137, 
4 pgs. 


Displays 

EL flat panels show cost and performance gains. Stwbbs, George, Manag- 
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N, Intel; EDN, 08/18/88, pg 179, 6.5 pgs. 


Instrument interface systems 

The VXIBus comes of age with specs and products. Novellino, John, 
Technology Editor; Electronic Design, 10/27/88, pg 36, 4.5 pgs. 

What VXI means to VME. Budde, Dave, Radix MicroSystems; ESD, 
10/88, pg 51, 3 pgs. 


Instrumentation amps 
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Competitive panel meters boast reliability. Klaws, Don, Triplett; EDN 
NEWS, 07/88, pg 12, 1 pg. 
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Look out for logic analyzers. Peters, Greg, Lauritano, Gene, Hewlett- 
Packard; EDN NEWS, 08/88, pg S60, 1 pg. 

PC-based logic analyzers. Strassberg, Dan, Associate Editor; EDN, 10/ 
13/88, pg 134, 11.5 pgs. 

PCs recast the logic analyzers. Bloom, Michael, Contributing Writer; 
ESD, 08/88, pg 47, 4 pgs. 
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pg 70, 5 pgs. 

Design a virtual cache memory with programmable logic arrays. Frink, 
Craig, Apollo Computer; Electronic Design, 07/28/88, pg 125, 4.5 pgs. 
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David, NCR; Electronic Design, 07/14/88, pg 87, 5 pgs. 

Taking the mystery out of MIL-STD-1553. Delcasale, Catherine, ILC 
Data Device; Electronic Design, 10/13/88, pg 105, 4 pgs. 

Test and development aids for SCSI mushroom. Phillips, Barry, Tech- 
nology Editor; Electronic Design, 10/13/88, pg 45, 5 pgs. 

The 88000 faces of Multibus II. Grey, George, Tadpole Technology; ESD, 
09/88, pg 45, 4 pgs. 

The VXIBus comes of age with specs and products. Novellino, John, 
Technology Editor; Electronic Design, 10/27/88, pg 36, 4.5 pgs. 

The open-architecture bus world: too many choices. Lieberman, David, 
Senior Editor; Computer Design, 10/01/88, pg 77, 11 pgs. 

VME cashes in on the 29000. Silverstein, Spencer, Adkar, Sanjay, Iron- 
ics; ESD, 09/88, pg 58, 3.5 pgs. 

Variety of enhancements revitalize 16-bit buses. Lieberman, David, Sen- 
ior Editor; Computer Design, 07/88, pg 41, 4 pgs. 

What VXI means to VME. Budde, Dave, Radix MicroSystems; ESD, 
10/88, pg 51, 3 pgs. 


Microcomputers 

Sixteen-bit micros fortify their positions against 32-bit intruders. Wilson, 
Ron, Senior Editor; Computer Design, 09/01/88, pg 48, 5 pgs. 

Use a single-chip wC as the heart of your position controller. Warner, 
William C, Consultant; EDN, 09/01/88, pg 161, 11.5 pgs. 


Microprocessor support chips 

8-bit processors demand attention as integration, speed evolve to new 
levels. Wilson, Ron, Senior Editor; Computer Design, 06/01/88, pg 
49, 6 pgs. 

P Support-Chip Directory - Support chips are in transition from dis- 
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When you're tired of hitting the 
wall—Signetics Programmable 
Logic Arrays offer those additional 
product terms you're aching for. 


Thwap! The 12ns Signetics PLUS173D (24-pin) and 
PLUS153D (20-pin) have 
a proven architecture with 
programmable AND and 
OR arrays that eliminate 
‘product term deple- 
tion.” In fact, when you 
require more than eight 
product terms per out- 
put these devices will 
outperform the fast- 
est PAL’ parts avail- 


able in a fraction of Design flexibility and efficiency with 
the board space. shared product terms. 


Thwap! More design flexibility and efficiency. All 
product terms (up to 48) can be shared among all 

individually controlled outputs. The result—no 

speed penalty, improved design flexibility (active 
high or active low), no redundancy and enough 
product terms to keep you from hitting the wall. And that’s 
not all! These PLAs, like all Signetics PLDs, are supported 
by ABEL, CUPL or our powerful AMAZE design software 
that makes designing easy. 


Thwap! We've got the guts! That’s right, we have those 
essential PLDs you need to improve total system perfor- 
mance. Programmable Macro Logic, Logic Sequencers, 
PAL-type devices and our new PLAs that reduce part count 
and improve system reliability. 


Get the product terms you need! Call Signetics at (800) 
227-1817, ext. 986D, for a PLD Data Manual. For surface 
mount and military product availability, contact your local 
Signetics sales office. 
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cretes to ASICs. Cushman, Robert H, Special Features Editor; 
EDN, 06/09/88, pg 139, 16 pgs. 

Controller joins DSP and peripherals. Mitra, Swmit, Padgaonkar, Ajay, 
Microchip Technology; EDN NEWS, 10/88, pg 10, 1 pg. 

Development system customizes coprocessors. Edwards, Ken, Sowin, 
Jack, HILEVEL Technology; ESD, 07/88, pg 55, 4 pqs. 

Ethernet controller adds communications to SCSI bus. Russ, Tomas, 
Massachusetts Institute of Technology; Electronic Design, 09/08/88, 
pg 91, 5 pgs. 

Floppy Controllers tout integration, accuracy. Collett, Ronald, Senior 
Technical Editor; ESD, 10/88, pg 26, 1.5 pgs. 

Functionality and partitioning distinguish Micro Channel chip sets. Mar- 
tin, S Louis, Contributing Editor; Computer Design, 09/01/88, pg 
21, 4 pgs. 

In search of the high-performance controller. Lieberman, David, Senior 
Editor; Computer Design, 09/15/88, pg 44, 8 pgs. 

Multistandard floating-point processors buoy CPUs. Cormier, Denny, 
Senior Technical Editor; ESD, 07/88, pg 25, 1.5 pgs. 

New chips shrink Intel 32-bit systems. Wilson, Ron, Senior Editor; 
Computer Design, 07/88, pg 25, 1 pg. 

NuBus picks up steam as first chips and cards emerge. Andrews, Warren, 
Contributing Editor; Computer Design, 09/15/88, pg 21, 2.5 pgs. 
Peripheral controller ICs gain speed and flexibility. Martin, S Louis, 
Contributing Editor; Computer Design, 06/15/88, pg 41, 4.5 pgs. 
Printer controller ICs take on PDL bottlenecks. Wilson, Ron, Senior 

Editor; Computer Design, 07/88, pg 26, 3 pgs. 

Single VLSI chip helps you implement EPA factory networks. Dirvin, 
Rhonda Alexis, Larkin, Anne-Marie, Motorola; EDN, 08/04/88, pg 
145, 7 pgs. 

Sudden wave of controller chips aims to break laser-printer bottleneck. 
Cole, Bernard C, Senior Editor; Electronics, 07/88, pg 95, 3 pgs. 


Microprocessors 

A software bid for SPARC. Weaver, David, et al, Sun Microsystems; 
ESD, 09/88, pg 109, 2.5 pgs. 

Add-in »P boards break various hosts’ speed limits. Gallant, John, 
Associate Editor; EDN, 07/21/88, pg 240, 9 pgs. 

Controller joins DSP and peripherals. Mitra, Sumit, Padgaonkar, Ajay, 
Microchip Technology; EDN NEWS, 10/88, pg 10, 1 pg. 

Designers hone SBCs to utilize full 32-bit power. Lieberman, David, 
Senior Editor; Computer Design, 08/15/88, pg 50, 9 pgs. 

EDN’s 15th Annual »pP/pC Chip Directory. Titus, Jon, Editor; EDN, 
10/27/88, pg 164, 47 pgs. 

Full house of 80960 tools. Schoebel, Dave, Lakey, Becky, Intel; ESD, 
09/88, pg 92, 3 pgs. 

In search of the high-performance controller. Lieberman, David, Senior 
Editor; Computer Design, 09/15/88, pg 44, 8 pgs. 

Microcontrollers simplify the design of X-Y plotters. Birnkrant, Marc, 
Beckwith, Steve, NEC Electronics; EDN, 05/12/88, pg 181, 6 pgs. 
Optimizing the RISC odds. Chow, Fred, Weber, Larry, MIPS Computer 

Systems; ESD, 09/88, pg 73, 3 pgs. 

RISC microprocessors: many architectures thrive. Leonard, Milt, Senior 
Editor; Electronic Design, 07/28/88, pg 49, 6.5 pgs. 

RISC-based ASICs: Fact or fiction? Collett, Ronald E,, Senior Technical 
Editor; ESD, 09/88, pg 28, 1.5 pgs. 

Rules for the game of real-time RISC. Darnauer, Stephen, Mizar; ESD, 
09/88, pg 40, 3 pgs. 

Systems architecture: ESD: special RISC issue. Wilson, David, Editor; 
ESD, 09/88, pg 39, 1 pg. 

The 88000 faces of Multibus II. Grey, George, Tadpole Technology; ESD, 
09/88, pg 45, 4 pgs. 

Update: Processor core cells. Spadaro, Joseph, Associate Editor; Lewis, 
Sasha, Northwestern Editor; Electronic Products, 07/15/88, pg 14, 
2.5 pgs. 

VME cashes in on the 29000. Silverstein, Spencer, Adkar, Sanjay, Iron- 
ics; ESD, 09/88, pg 53, 3.5 pgs. 


Military electronics 

Mimic winners get to work. Naegele, Tobias, Department Editor; Elec- 
tronics, 06/88, pg 37, 1.5 pgs. 

The Pentagon is hot on the trail of a better way to design avionics. 
Iversen, Wesley R, Industrial & Consumer Editor; Electronics, 09/ 
88, pg 25, 1.5 pgs. 

The peculiarities of MIL-spec distribution. Coco, Donna, Staff Editor; 
EDN NEWS, 08/88, pg 21, 2 pgs. 

This military interconnect system does it all. Johnson, Larry, Mowatt, 
Larry, Texas Instruments; Electronics, 05/26/88, pg 96, 3 pgs. 

Why is the military cooling off on GaAs? Naegele, Tobias, Mid-Atlantic 
Manager; Electronics, 06/88, pg 104, 1.5 pgs. 


Minicomputers 
Minisupers: architectures push for super performance. Bond, John, Sen- 
tor Editor; Electronic Design, 07/14/88, pg 45, 3 pgs. 
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Modems 

2,400-bit/s modem ICs add functionality, preserve design flexibility. 
Mayer, John H, Senior Associate Editor; Computer Design, 08/15/88, 
pg 105, 3 pgs. 

Lower V.32 modem cost with new DSP techniques. Mary, Luc, SGS- 
Thomson Microelectronics; Electronic Design, 06/23/88, pg 83, 4 pgs. 


Motor control circuits 
Program a motion controller with a PC-based evaluator. Kmetz, Gerald 
L, National Semiconductor; Electronic Design, 05/26/88, pg 107, 5 


pgs. 


Motors/motor controllers 
As brushless de motors decrease in cost, designers find them much 
more practicable. Gallant, John, Associate Editor; EDN, 09/15/88, 


pg 69, 4 pgs. 


Multiprocessing 
Symmetric multiprocessing comes of age. Bond, John, Contributing Edi- 
tor; Computer Design, 05/01/88, pg 41, 3 pgs. 


N 


Network analyzers/analysis 

Designer’s Guide to noise analysis—Part 1 A systematic approach facili- 
tates noise analysis. Fazekas, Peter, ILC Data Device; EDN, 05/12/ 
88, pg 153, 7.5 pgs. 


Network architecture/design/design standards (nonlocal) 

FDDI moves closer to fruition as standard network backbone. Shapiro, 
Sydney F, Research/Special Project Mgr; Computer Design, 08/15/ 
88, pg 35, 3 pgs. 

The deterministic character of Arcnet proves ideal for the factory floor. 
Conner, Doug, Regional Editor; EDN, 09/15/88, pg 101, 6 pgs. 


Network management/operations 
The deterministic character of Arcnet proves ideal for the factory floor. 
Conner, Doug, Regional Editor; EDN, 09/15/88, pg 101, 6 pgs. 


Op amps 

Current feedback op amps raise gain-bandwidth product. Dutra, Jon 
A, Elantec; Electronic Design, 07/14/88, pg 107, 2.5 pgs. 

Current-feedback op amps ease high-speed circuit design. Harold, Peter, 
European Editor; EDN, 07/07/88, pg 84, 9 pgs. 

Innovative processes spawn faster, more precise monolithic op amps. 
Donlin, Michael, Associate Editor; Computer Design, 07/88, pg 98, 
5 pgs. 

Video op amps find use in RF and active filters. Schaefer, Ken, Shier, 
John, VTC; EDN, 09/01/88, pg 137, 10 pgs. 


Optical storage 
Optical storage may fulfill its promise-after years of trying. McLeod, 
Jonah, Department Editor; Electronics, 05/12/88, pg 75, 3 pgs. 


Optoelectronics 
Laser diodes prove useful in medium-haul, low-bandwidth applications. 
Ormond, Tom, Senior Editor; EDN, 09/29/88, pg 57, 3.67 pgs. 


Oscillators 

Bridge oscillator circuits benefit from BiMOS-E op amps. Wittlinger, 
Hal, Salerno, Carmine, GE Solid State; Electronic Design, 07/14/88, 
pg 99, 2.5 pgs. 


Oscilloscopes 

Focus on digital storage oscilloscopes. Novellino, John, Instruments 
Editor; Electronic Design, 06/23/88, pg 125, 8 pgs. 

New digital scopes abound. Yates, Warren, Associate Editor; Electronic 
Products, 05/15/88, pg 30, 10 pgs. 

Portable-scope makers stress ease of use. Miller, George D, Editor; 
EDN NEWS, 08/88, pg 8, 2 pgs. 

Understanding digital storage oscilloscopes. Andrews, Gene, Tektronix; 
Electronic Design, 09/22/88, pg 135, 4.5 pgs. 


P 


PROM programmers/programming 
Feature-packed universal programmers deliver good value. Strassberg, 
Dan, Associate Editor; EDN, 07/21/88, pg 182, 10 pgs. 
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“IF-THEN-ELSE. Programmable 
Sequencers for advanced state 
machine design. From Signetics— 

who else! 


Clak! At last, advanced state machine design is easy. Sig- 
netics Programmable Logic Sequencers (PLSs), includ- 
ing the new SOMHz 
PLUS405, have a 
unique architecture 
that employs buried 
registers to store 
intermediate values. 
The result—greater 
silicon and pin utili- 
zation with increased Advanced state machine designs become 
system functionality. easy with Signetics sequencers. 


Clak! IF-THEN-ELSE functionality. Signetics unique 
architecture makes complex IF-THEN-ELSE states pos- 
sible. Connecting any AND term to any OR term (prod- 
uct term sharing) eliminates redundant state transition 
terms. And JK or SR type registers optimize the logic 
used in generating state transitions. 


In addition, all our PLDs are supported by ABEL, 
CUPL or our powerful AMAZE software with auto test 
vector generation to make your job easier. 


Clak! We've got the guts! That’s right, we have those 

essential PLDs you need to improve total system 
performance. PAL’-type devices, Programmable 
Macro Logic, Logic Arrays and our high-speed PLSs 
with buried registers that make advanced state 
machine design easier. 


Make your state machines state-of-the-art! Call 
Signetics at (800) 227-1817, ext. 987D for a PLD Data Man- 
ual. For surface mount and military product availability, 
contact your local Signetics sales office. 
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Parallel processing 

Computing speeds soar with parallel processing. Falk, Howard, Contrib- 
uting Editor; Computer Design, 06/15/88, pg 49, 9 pgs. 

Parallel processing ushers in a revolution in computing. Gallant, John, 
Associate Editor; EDN, 09/01/88, pg 86, 12.5 pgs. 

Retargetable tools ease microprogramming of SIMD processors. 
Mueller, Robert A, Benua, Daniel R, Quantitative Technology; 
EDN, 08/18/88, pg 205, 7 pgs. 

Software machine model blazes trail for parallel processing. Williams, 
Tom, Western Managing Editor; Computer Design, 10/01/88, pg 20, 
3 pgs. 

The push for speed spurs work on parallel systems. Manuel, Tom, Senior 
Editor; Curran, Lawrence, Manager; Electronics, 10/88, pg 72, 4.5 


pgs. 


Personal computers 
Busting imaging barriers with a Mac II. Johnson, A F, Perceptics; 
ESD, 07/88, pg 79, 3 pgs. 


Phase-locked loops 

Fast PLLs demand speedy phase-frequency detectors. Jordan, Perry, 
Analog Devices; Electronic Design, 09/22/88, pg 109, 3 pgs. 

Limited selection of monolithic PLL ICs suffices for current applications. 
Fleming, Tarlton, Associate Editor; EDN, 08/04/88, pg 65, 2.383 pgs. 


Power converters 

Precise converter designs enhance system performance - Part 1. Wil- 
hams, Jim, Huffman, Brian, Linear Technology; EDN, 10/13/88, 
pg 175, 11 pgs. 

Proper instrumentation eases low-power de/de-converter design - Part 
2. Williams, Jim, Huffman, Brian, Linear Technology; EDN, 10/27/ 
88, pg 285, 7 pgs. 


Power semiconductors 

Power IC captures DMOS/CMOS benefits. Blanc, James, Siliconix; 
Electronic Products, 10/01/88, pg 44, 5 pgs. 

Power MOSFET packages take new directions. Chin, Spencer, Associate 
Editor; Electronic Products, 09/15/88, pg 35, 4 pgs. 

Power drivers link brains to brawn. Till, Johna, Technology Editor; 
Electronic Design, 10/13/88, pg 57, 3.5 pgs. 

Smart-power ICs get boost from new bipolar/MOS technologies. Martin, 
Steven L, Contributing Editor; Computer Design, 05/01/88, pg 50, 5 
pgs. 

Test and development aids for SCSI mushroom. Phillips, Barry, Tech- 
nology Editor; Electronic Design, 10/13/88, pg 45, 5 pgs. 

Use power FETs to design ac-line power choppers. Visel, Tom, VLSI 
Technology; EDN, 09/15/88, pg 191, 9 pgs. 


Power supplies 

Correct power factor in switched mode power supplies. Brad Hall, 
Siemens Communications; Electronic Design, 10/27/88, pg 115, 4.5 
pgs. 

High-power switching supplies stress efficiency. Pryce, Dave, Associate 
Editor; EDN, 07/07/88, pg 162, 8.5 pgs. 

Inside the ‘black box’—a look at power-supply design. Till, Johna, Tech- 
nology Editor; Electronic Design, 07/14/88, pg 69, 7 pgs. 

Linear power supplies survive in low-power applications. Mayer, John 
H, Senior Associate Editor; Computer Design, 10/01/88, pg 100, 6 
pgs. 

Power IC captures DMOS/CMOS benefits. Blanc, James, Siliconix; 
Electronic Products, 10/01/88, pg 44, 5 pgs. 

Power factor correction in off-line switchers. Hagiwara, Arnold, Pioneer 
Magnetics; Electronic Products, 06/15/88, pg 55, 3.5 pgs. 

Power supplies shed weight and size for portability. Goering, Richard, 
Senior Editor; Computer Design, 07/88, pg 90, 4.5 pgs. 

Power supply designers say so long to breadboards. Tabrizi, Mehrdad, 
Orgain, Cheryl, Analog Design Tools; ESD, 06/88, pg 53, 4 pgs. 


Printed circuits 

Molded circuit assemblies . . . At the starting line. Chin, Spencer, Asso- 
ciate Editor; Electronic Products, 07/15/88, pg 33, 3 pgs. 

PC-board suppliers look for material and design gains. Weber, Samuel, 
Editor-at-large; Electronics, 10/88, pg 107, 2.5 pgs. 


Printer controllers 

Printer controller ICs take on PDL bottlenecks. Wilson, Ron, Senior 
Editor; Computer Design, 07/88, pg 26, 3 pgs. 

Sudden wave of controller chips aims to break laser-printer bottleneck. 
Cole, Bernard C, Senior Editor; Electronics, 07/88, pg 95, 3 pgs. 


Printers 
Disks and printers race to keep up with systems. McLeod, Jonah, Senior 
Editor; Electronics, 10/88, pg 83, 2 pgs. 


Production testing techniques 
Circuit testability is critical for product success. Turino, Jon, Logical 
Solutions Technology; EDN, 09/15/88, pg 219, 11 pgs. 
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Production/manufacturing/testing, other 

Contract houses ease transition to surface mounting. Chin, Spencer, 
Associate Editor; Electronic Products, 10/01/88, pg 28, 6.5 pgs. 

Cut memory device failures by pattern-testing chips. Norman, Barry 
R, Electronic Design, 05/12/88, pg 108, 3.5 pgs. 

PC-board testing arises from CAE simulation vectors. Schmeling, Garth, 
Hewlett-Packard; Electronic Design, 06/09/88, pg 123, 8 pgs. 

The eight-inch wafer casts its shadow over semicon west. Lyman, Jerry, 
Department Editor; Electronics, 05/26/88, pg 45, 2 pgs. 


R 


Relays 

Board-mounting sets pace for new relays. Chin, Spencer, Associate Edi- 
tor; Electronic Products, 08/15/88, pg 28, 4 pgs. 

Design trends in board-mountable relays. Massie, Steve, Omron; Elec- 
tronic Products, 08/15/88, pg 34, 2.5 pgs. 


Resistors 
Resistor networks make move to SMT. Stubbs, George, Managing Edi- 
tor; EDN NEWS, 07/88, pg 5, 2 pgs. 


Rigid-disk drives 

5’4-in. Winchesters move toward gigabyte capacities. Mayer, John H, 
Senior Associate Editor; Computer Design, 09/01/88, pg 70, 5.5 pgs. 

Bevy of SCSI adapters bolster PC systems. Phillips, Barry W, Technol- 
ogy Editor; Electronic Design, 07/28/88, pg 67, 3.5 pgs. 

Disks and printers race to keep up with systems. McLeod, Jonah, Senior 
Editor; Electronics, 10/88, pg 83, 2 pgs. 

Here comes the first 2.5-in. winchester drive. McLeod, Jonah, Senior 
Editor; Electronics, 10/88, pg 27, 1 pg. 

Mass-storage options rise to the challenges of size, ruggedness. Wil- 
liams, Tom, Western Managing Editor; Computer Design, 07/88, 
pg 83, 5.5 pgs. 

Speed storage data transfers with the new SCSI standard. Skinner, 
David, NCR; Electronic Design, 07/14/88, pg 87, 5 pgs. 

Trim head-positioning overhead with embedded disk servo. Yager, Char- 
les, Micro Linear; Electronic Design, 08/25/88, pg 83, 7 pgs. 


Semicustom/custom ICs 

AI for ASICs pinpoints potential problems. Richardson, Scott, et al, 
NCR Microelectronics; ESD, 06/88, pg 45, 4 pgs. 

ASIC memories: bigger, faster, and customized. Andrews, Warren, Con- 
tributing Editor; Computer Design, 10/01/88, pg 44, 9.5 pgs. 

ASIC verification systems fight to measure up. Milne, Bob, Senior Edi- 
tor; Electronic Design, 09/08/88, pg 63, 7 pgs. 

Coming soon-an ECL array that’s the biggest yet. Cole, Bernard C, 
Managing Editor; Electronics, 05/12/88, pg 97, 2 pgs. 

Compare ASIC capacities with gate array benchmarks. Osan, Bob, El 
Gamal, Abbas, Actel Corp.; Electronic Design, 10/13/88, pg 93, 4 pgs. 

Custom chips, design tools will shine next week. Bursky, Dave, Execu- 
tive Editor, et al; Electronic Design, 05/12/88, pg 27, 6.5 pgs. 

Exar drives down the cost of arrays. Cole, Bernard C, Senior Editor; 
Electronics, 09/88, pg 83, 2 pgs. 

Get serious about analog ASICs! Cole, Bernard C, Senior Editor; Elec- 
tronics, 09/88, pg 66, 7 pgs. 

Linear arrays forge improvements in performance and flexibility. An- 
drews, Warren, Contributing Editor; Computer Design, 05/15/88, 
pg 37, 5 pgs. 

Moving toward analog semicustom ICs. Collett, Ronald, Senior Techni- 
cal Editor; ESD, 10/88, pg 30, 4 pgs. 

Optimized ASICs for the ears. Kwang, Eng-Kee, Trimeter Technology; 
ESD, 06/88, pg 28, 4.5 pgs. 

Programmable gate array olympics. Collett, Ronald E, Senior Technical 
Editor; ESD, 10/88, pg 24, 1 pg. 

Prototype testers put ASIC characterization into designers’ hands. Goer- 
ing, Richard, Senior Editor; Computer Design, 08/15/88, pg 43, 5 pgs. 

RISC-based ASICs: Fact or fiction? Collett, Ronald E, Senior Technical 
Editor; ESD, 09/88, pg 28, 1.5 pgs. 

TTL-to-CMOS: AI takes out the kinks. Kirk, Robert, Gould; ESD, 06/88, 
Pg 37, 4 pgs. 

Testability is crucial in PLD-circuit design. de Bruyn Kops, Peter, Anvil 
Software; EDN, 08/18/88, pg 191, 5 pgs. 

Test-system makers rise to the big-ASIC challenge. McLeod, Jonah, 
Senior Editor; Electronics, 09/88, pg 92, 4 pgs. 


Sensors/transducers 
Clever techniques improve thermocouple measurements. Williams, Jim, 
Linear Technology; EDN, 05/26/88, pg 145, 13 pgs. 
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Complete your design within hours 
with Signetics Programmable 
Macro Logic “instant”’ gate arrays. 


Click! A programmable “‘instant” gate array. The 
PLHS501, the first of our Programmable Macro Logic 


(PML) products, 

provides up to 

1300 equivalent Third generation 
gates—a complete se platted 
solution ina 52-pin NAND foldback 
PLCC package. paths. 
And its wide NAND 
input capability 


makes it ideal for high-speed address decoding and bus 
interface applications. 


It’s also the easiest way to reduce your NRE costs, in- 
ventory problems and quality concerns. It’s easy to use 
because it’s supported by our powerful AMAZE software 
which gives you a complete system in an instant. 


Click! AND/OR design constraints vanish in an 
instant. Signetics folded NAND array architecture 
provides 100% interconnectibility to eliminate routing _ 
restrictions. And 100% gate selectability to build flip- 
flops, multiplexers and decoders resulting in total 
silicon utilization. 


Click! We’ve got the guts! That’s right, we have those 
essential PLDs you need to improve total system perfor- 
mance. PAL®-type devices, Programmable Logic Arrays 
and Logic Sequencers plus our new PML products such as 
the PLHS501, that simplify complex design problems by 
eliminating interconnect restrictions. 


Conquer complexity—instantly! Call Signetics at (800) 
227-1817, ext. 988D, fora PML Design and Applications 
Manual. For military product availability, contact your 
local Signetics sales office. 


One standard. Qadefects. 
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Pressure sensors and transducers. Ormond, Tom, Senior Editor; EDN, 
08/04/88, pg 106, 10.5 pgs. 

Silicon sensor makers strive for integration. Harbert, Tammi, Senior 
Editor/News; EDN NEWS, 06/88, pg 22, 1 pg. 

Uniting ultrasonics and microelectronics reaps a cost-effective ranging 
system. Gallant, John, Associate Editor; EDN, 05/26/88, pg 61, 5.67 


pgs. 


Servos 
Trim head-positioning overhead with embedded disk servo. Yager, Char- 
les, Micro Linear; Electronic Design, 08/25/88, pg 83, 7 pgs. 


Shielding 
Enclosure shielding takes many forms. Stubbs, George, Managing Edi- 
tor; EDN NEWS, 06/88, pg 8, 2.5 pgs. 


Signal sources/generation 
Digital synthesizer aids testing of complex analog, digital circuits. 
Kovalick, Al, Hewlett-Packard; EDN, 09/01/88, pg 185, 6.5 pgs. 


Simulators/simulation 

Logic simulators exhibit different levels of device characterization. 
Gogesch, Richard S, OrCAD Systems; EDN, 10/13/88, pg 213, 5 pgs. 

Mixed-mode simulator accurately models real-world designs. Johnson, 
Doug, Analogy; Computer Design, 08/01/88, pg 65, 3 pgs. 

New analysis techniques pave the way for analog simulation. Harding, 
Bill, Contributing Editor; Computer Design, 09/15/88, pg 37, 5 pgs. 

PC-board testing arises from CAE simulation vectors. Schmeling, Garth, 
Hewlett-Packard; Electronic Design, 06/09/88, pg 123, 3 pgs. 

Spice techniques facilitate analysis of feedback circuits. Hageman, Steven 
C, Calex Manufacturing; EDN, 09/29/88, pg 1738, 9.5 pgs. 

Superfast simulators make it a lot easier to skip prototyping. McLeod, 
Jonah, Department Editor; Electronics, 05/26/88, pg 61, 2 pgs. 

Vendors look outside to strengthen their simulation environments. Har- 
ding, Bill, Contributing Editor; Computer Design, 07/88, pg 34, 1.5 
pgs. 

Verify at the system level with mixed-mode simulator. Milne, Bob, 
Senior Editor; Electronic Design, 05/26/88, pg 65, 2.5 pgs. 


Sockets 
It’s a three-way fight in high-pin-count IC packages. Lyman, Jerry, 
Staff; Electronics, 10/88, pg 112, 1 pg. 


Spectrum analyzers/analysis 

FFT techniques give birth to digital spectrum analyzer. Meehan, Pat, 
Reidy, John, Analog Devices; Electronic Design, 08/11/88, pg 117, 
5d pgs. 

Time-domain analysis of aliasing helps to alleviate DSO errors. Collins, 
Jack, White, David, Tektronix; EDN, 09/15/88, pg 207, 7.5 pgs. 


Speech synthesis/recognition 
Speech recognition systems. Chester, Michael, Southwestern Editor; 
Electronic Products, 05/15/88, pg 16, 2 pgs. 


Standards 

Industry leaders will challenge AT&T with their own unix standard. 
Young, Jeremy L, Features Editor; Electronics, 05/26/88, pg 38, 1 pg. 

Map is finally settling down to become a standard. Shandle, Jack, New 
Products Editor; Electronics, 05/26/88, pg 34, .5 pgs. 

OEMs scramble to launch diverse SCSI devices. Phillips, Barry W, 
Technology Editor; Electronic Design, 05/26/88, pg 29, 5 pgs. 


Surface-mounting devices/techniques 
Fine-pitch assembly affects every phase of surface mounting. Lyman, 
Jerry, Senior Editor; Electronic Design, 08/25/88, pg 60, 6 pgs. 


Switches 

Focus on dip switches: Primed for automated manufacturing. Grossman, 
Morris, Senior Editor; Electronic Design, 05/12/88, pg 159, 4.5 pgs. 

New uses for mechanical switches. Wilk, Darrell, ITT Schadow; Elec- 
tronic Products, 06/15/88, pg 49, 2.5 pgs. 

Update: Surface-mountable switches. Chin, Spencer, Associate Editor; 
Electronic Products, 07/15/88, pg 20, 1.5 pgs. 


Tape drives 
Tape drives can work like disk drives if you use SCSI bus. Kozlowski, 
Tony, 3M; EDN, 06/09/88, pg 215, 5 pgs. 


Technology/research, other 

Are artificial neural networks finally ready for market? Manuel, Tom, 
Senior Editor; Electronics, 08/88, pg 85, 4 pgs. 

Can electronics manufacturers bank on superconductivity? Weber, 
Samuel, Editor-At-Large; Electronics, 09/88, pg 105, 6 pgs. 

Could this be the missing link between Mimic and VHSIC technologies? 
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Iversen, Wesley R, Department Editor; Electronics, 07/88, pg 29, 1 
pg. 

Cranium computing: Demystifying neural nets. Wilson, Andrew, Execu- 
tive Editor; ESD, 07/88, pg 38, 4 pgs. 

Update: Neural networks move from theory to practice. Chester, Mi- 
chael, Southwestern Editor; Electronic Products, 08/01/88, pg 18, 
1.5 pgs. 

Will Quantum-effect technology represent a Quantum jump in ICs. 
Weber, Samuel, Editor-at-large; Electronics, 10/88, pg 143, 4 pgs. 


Telecommunications 

Create a simple but capable speakerphone and autodialer. Morgan, Den- 
nis, Motorola; Electronic Design, 05/12/88, pg 133, 5 pgs. 

ISDN components abound as network standards take hold. Leonard, 
Mult, Senior Editor; Electronic Design, 06/23/88, pg 72, 6 pgs. 

New voice-data systems are coming faster than expected. Shandle, Jack, 
News Analysis; Electronics, 10/88, pg 85, 2.5 pgs. 

The ISDN puzzle takes shape as the pieces fall into place. Martin, Steven 
L, Contributing Editor; Computer Design, 05/15/88, pg 48, 5.5 pgs. 


Transmitter/receiver circuits 

Fiber-optic ICs accelerate communication over data links. Pryce, Dave, 
Associate Editor; EDN, 06/09/88, pg 68, 5.67 pgs. 

Tap real power with solid-state rf designs. Manz, Barry, Electronic 
Design, 05/12/88, pg 90, 7.5 pgs. 


Video 

Build a robotic vision system with a digital signal processor. Shoap, 
Steve, Motorola Semiconductor Products; Electronic Design, 06/23/ 
88, pg 95, 3 pgs. 

Designing video circuits - part one of three. Thompson, Marc, Polaroid 
Corporation; ESD, 10/88, pg 67, 5 pgs. 

Kurope’s digital tv chip wars get hot. Gosch, John, Manager; Electron- 
ics, 05/12/88, pg 42, .5 pgs. 

Program your DSP for imaging. Blattenbawer, John A, Kim, Yongmin, 
University of Washington; ESD, 10/88, pg 39, 4.5 pgs. 


Vision systems 

DILUTing image processing problems. Crevier, Daniel, Coreco; ESD, 
06/88, pg 77, 3 pgs. 

Object recognition opens the eyes of machine-vision systems. Williams, 
Tom, Western Managing Editor; Computer Design, 05/01/88, pg 69, 
10 pgs. 


Voltage references 

Back-to-basics approach yields stable references. Knapp, Ron, Maxim 
Integrated Products; EDN, 06/09/88, pg 198, 5.5 pgs. 

IC voltage references: Better than ever. Goodenough, Frank, Senior 
Editor; Electronic Design, 09/22/88, pg 83, 5.5 pgs. 

Improved voltage-reference circuits satisfy high accuracy and stability 
needs. Ormond, Tom, Senior Editor; EDN, 05/12/88, pg 73, 4 pgs. 
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hat format 
works for you.. 


_ _,,Wwhen accessing 
sii the world’s most extensive 
electronic selection and sourcing database? 


Integrated Circuits and Discrete Semiconductors — specs, pinouts, package 
styles, functions, manufacturers, discontinued devices, alternate sources, 
replacements and much more. D.A.T.A.’s free User's Guide Diskette will 
show you how to access this essential selection data on more than 525,000 
devices from over 780 manufacturers. 


What works best for you? 
(Circle appropriate reader service number) 1) AT A 
@ D.A.T.A. DIGESTs (No. 50) @ Customized mag tapes oA LDL Le 
Integrated Circuits (No. 51) 
ress Semiconductors @ D.A.T.A. SHEETs BUSINESS 
High Rel Components (for active/discontinued devices — PUBLISHING 
Alternate Sources No. 52) | 
Specialty References @ Microfiche (No. 53) Geta ao viatialina Services 
@ Updates (quarterly/semiannual) Mi CD ROM (No. 54) 


To qualify for your free User's Guide Diskette or for more info, call our 
toll-free numbers: 1-800-447-4666 (U.S.-wide) or 1-800-854-7030, Ext. 570 (outside CA) 


D.A.T.A. DIGESTs... where semiconductor selection begins 
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DESIGN IDEAS 


EDITED BY CHARLES H SMALL 


Circuit simulates 4- to 20-mA loop 


Rex Klopfenstein Jr 
Bowling Green State University, 
Bowling Green, OH 


You can test 4- to 20-mA current-loop devices with the 
circuit in Fig 1. As you vary the voltage between pin 
3 and pin 4 of IC, using the 1000 potentiometer, the 
loop current varies between 4 and 20 mA. The circuit 
uses Burr-Brown’s XTR101, a 4- to 20-mA, 2-wire 
transmitter for IC,. This device draws power from the 
loop and operates with a 24V loop voltage. 

If you use a loop voltage greater than 24V, you 
must place a 7500, '4W resistor in series with the 
external output transistor. In no case can the loop 
voltage exceed 40V dc. The load resistor, Ry, can be 
any value as long as the voltage between pin 7 and pin 
8 is between 11.6 and 24V de. 


OUTPUT 
ADJUST 


The circuit uses an external transistor, rather than 
the IC’s internal transistor, to do the actual current 
regulation, thus keeping the IC cool. The diode in the 
loop in series with pin 8 (Vcc) provides reverse- 
polarity protection. You should locate the bypass ca- 
pacitor that bridges pins 7 and 8 as close as possible 
to the IC. 

To calibrate the simulator, first insert an ammeter 
into the loop and adjust the simulator’s output-current 
pot, Rj, to minimum resistance. Next, adjust the input- 
offset pot, Rg, until the meter displays 4 mA. Then 
adjust pot R; to maximum resistance and adjust the 
span pot, Rg, until the meter reads 20 mA. 
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LOOP SUPPLY 
24V dc 


1N4004 


— IF THE LOOP SUPPLY IS BETWEEN 
26 AND 40V dc, INSERT 7500 
YaW RESISTOR 


LOAD RESISTOR 
249 


Fig 1—With the aid of this 4- to 20-mA simulator, you can test current-loop devices. 
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Switcher boosts regulator’s efficiency 


Brian Huffman 
Innear Technology Corp, Milpitas, CA 


Placing a linear regulator in the servo loop of a switch- 
ing regulator yields a circuit that has both the precise 
regulation of a linear regulator and the efficiency of a 
switcher. The circuit in Fig 1 maintains only the bare 
minimum voltage necessary for proper operation across 
the linear regulator, even if you short the outputs. 
(Note that Fig 1 shows a pair of identical supplies 
configured as a bipolar supply.) 

The voltage drop across the resistive divider, which 
bridges the 2.5V, LT1004 voltage reference, deter- 
mines the differential voltage across the linear regula- 
tor. When the comparator senses that the regulator’s 


(HEATSINK) 
6667 
(DARLINGTON) 


+ 
NEWTON 
ELECTRONICS 
NTE167 


STANCOR 
P-8685 


130V AC- 
90V AC 


(HEATSINK) 
2N6667 
(DARLINGTON) 
+ 
NEWTON 


ELECTRONICS 
NTE167 


MBR360 


NOTE: 
“1% FILM RESISTORS 


285 pH 


input voltage is below the differential-voltage setting, 
the comparator switches low, thus turning on Q). With 
Q on, charge stored on C, flows through Q,, charges 
up the inductor and Cg, and supplies the load via the 
linear regulator. 

When the linear regulator’s input voltage rises above 
the differential-voltage setting, the comparator’s 
output goes high, thus turning off Q;. With Q off, the 
stored energy in Cg and the inductor supply the load. 
1 and Reg set the switching loop’s hystersis. Protection 
diodes D; and De eliminate common-load problems. 
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PULSE ENGINEERING 
PE-92106 


LT1086 
Vout 
i 


LT1004-2.5 


Vin 


PULSE ENGINEERING 
PE-92106 
285 pH 


LT1086 
Vout 
i. 2 


LT1004-2.5 


Vin 


C2 
1000 uF 


1N4002 


Fig 1—Placing a 3-terminal linear regulator within the servo loop of a switching regulator yields a power supply with tight regulation 


and good efficiency. 
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Amplifier Arsenal 


50KHz—2000MHz, Low Noise 250mW output Gain Controlled trom $69.95 


Our ZFL-2000 miniature wideband amplifier hit a bulls-eye SPECIFICATIONS 
when we introduced it last year. Now we've added more MODEL FREQUENCY GAIN, dB MAX.POWER- NF PRICE $ 
+ ae MHz OUTPUT Qty. (1-9) 
models to offer you a competitive edge in the continuing finivid dBmityp) dB(typ) to 
battle for systems improvement. FFL-500 0.05-500 20 “6 53 69.95 
The ZFL-2000, flat from 10 to 2000MHz, delivers +17dBm Z7FL-500LN 0.1-500 4 +5 29 79.95 
output and is priced at only $219. ees ae ie ie a ee 
Need more output? Our ZFL-1000H,, flat from 10 to FFL-1000G* 10-1000 17 43 12.0 199.00 
1OOOMHz, delivers +20dBm output. ZFL-1000H 10-1000 28 Seer 
; +: ZFL-500HLN 10-50 19 +4 ; 95 
Is low noise a critical factor: Our ZFL-SOOLN and 1000LN FFL-1000LN 0.1-1000 D0 +3 29 39.95 
boast a 2.9dB NF. ZFL-1000VH 10-1000 20 +25 4.5 es 
; a 5 : ZFL-2000 10-2000 20 +17** 7.0 219.00 
Variable gain important? Our ZFL-1000G, flat from 10 to © 30dB gain control **+15dBm below 1000MHz 


1000MHz, delivers +3dBm output with 30dB gain control while 
maintaining constant input/output impedance. 

Searching for a high-quality, low-cost amplifier? Our finding new ways ... 
ZFL-500 flat from SOKHz to 500MEHz, delivers +10dBm output setting higher standards 
for the unbelievable low price of only $69.95. Need to go 
higher in frequency? Consider the ZFL-750, from 0.2 to = Mi : ni. Circul Its 
750MHz, for only $74.95. Or the $79.95 ZFL-1000, Spanning A Division of Scientific Components Corporation 
P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 


0.1 to 1000 Mrz. Fax (718) 332-4661 Domestic and International Telexes: ga50844 or 620156 
One week delivery...one year guarantee. 
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Filter settles faster than a Butterworth 


Einar Abell 
ADA Instruments, Three Rivers, CA 


The filter circuit shown in Fig 1 settles in half the 
time that a Butterworth filter requires but without 
losing any of its ability to attenuate signals in its 
stopband. Unlike the Butterworth filter, which is opti- 
mized for frequency-domain response, this circuit is 
optimized for time-domain response. And although it 
has a simple design, the circuit provides much the 
same overall performance as a Bessell filter. As an 
added bonus, the filter circuit uses standard capacitor 
values. 

The circuit comprises two cascaded, Sallen-Key, low- 
pass filters with damping factors of 0.674 and 1.00, 
respectively. For good performance, the circuit re- 
quires close-tolerance capacitors rated at 1 or 2%. 
Overshoot in response to a step input is about 0.5%; 
you can reduce the overshoot to under 0.1% by adjust- 
ing Ry. 


Cy 


0.033 pF 


The component values in Fig 1 yield a 100-Hz corner 
frequency. You can use the following equations to 
adapt the circuit to other requirements: 


C; — 2.2C> 
Cs = Ca 
R; = Re, Rg = Ry 
_ 1 _ 1 
27RiV CiCe 27R3C3 


If C3 = Cy = V C,Co, 
then Ri = R2 = Rs = Ra, 


fo 


_ 1 
and fo = omrRiCs’ 


The center frequency is represented by fc. EDN 
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C3 


0.022 uF 


Fig 1—This 100-Hz, 2-stage, Sallen-Key, lowpass filter has better time-domain response than a Butterworth filter. 


Reactive CCD drive saves power 


Michael A Wyatt 
Honeywell SSAvD, Clearwater, FL 


Charge-coupled devices (CCDs), such as those used in 
filters and convolvers, have large capacitances associ- 
ated with their clock inputs. A reactive clock drive can 
resonate with this CCD capacitance to reduce the 
power necessary to drive these clock inputs by as much 
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as 90%. 

Fig 1 illustrates a reactive CCD clock-drive circuit 
where Cy, is the effective CCD clock-drive capacitance. 
MOSFETs Q and Qe form a bilateral MOS switch, and 
Qs and Q, serve as unilateral switches. At time to, 
switches Qs and Q4 are open and bilateral switch Q; 2 
is closed. Current begins to flow into Cy, through the 
circuit’s series resistance, Rg, and L. The following 
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Complex Waveforms... 
as Simple as AFG — 


Mixed Signal Outputs - 
Analog 10V 100 MHz 
Digital ECL/TTL 

200 MHz Clock 


single Channel 
Low Cost, Upgradeable 


Dual Channel, Summed, Phased, | 
or Differential Outputs _ 
LeCroy's family of high _ 
performance generators, backed — 
by our unique EASYWAVE® | 
Waveform Creation Software, lets 
you generate the most complex 
waveforms in just minutes. 


Call today, 1-800-5LE CROY or 
914-578-6020. Let us demonstrate 
how easy waveform generation 
can be. 
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equation describes the voltage across Cy: 


Vs 


Veit) = (1) 


A 


where Wy = 


1 , 
— om | (sin (woBt + I) 


LCy’ 


For a high-Q circuit where Rg is negligibly small, 
this maximum is almost equal to Vg. At time tj, Qi 2 
opens and Qs closes, thus holding Voy, at Vg. Q3 also 
refreshes any energy lost in Rg by pulling Voy, to Vg. 
Subsequently, Qg3 remains closed until time tg when 
Qs opens and Qj; 9 closes. This action causes Vcr, to 
ring toward zero volts. When wm/woB seconds elapse 
after te, Vcy, reaches a minimum of near zero volts. 
At time tg, Qi.2 opens and Q, closes bringing Vcr, to 
ground. Vcy, is then clamped at ground until the drive 
cycle begins again. 


Q; Qo 
CCD 
10 pF C. 
(=) CCD CAPACITANCE 
0.1 pF 
CLOCK 1 © 
CLOCK2: ‘6 
CLOCK 3 © 
Vs 
Ver 
GROUND . 
to ty to ts 


cock) 2 Ld 
CLOCK 2 ee | pase 
CLOCK 3 ee 


Fig 1—The MOSFET switches and inductor L form a reactive 
clock-drive circuit with the inherent large capacitance of a charge- 
coupled device’s clock inputs. This circuit consumes 90% less power 
than a conventional clock-drive circuit. 


LISTING 1—REACTIVE CLOCK-DRIVE PROGRAMS 


RCLK 


Q14LBL “RCLE* 27 “ENTER QL” 52 ENG 2 74 + 185 “WITH DRIVE” 
Bz "PEYA 1,82" 20 PROMPT oS ga 3 {ae PRA 

a2 RED 29 STO 24 55 ARCL 21 Ol - ia? CF 13 
a4 “CK FLOT 3A BEEP 56 PRG 62 STO 28 {Af “Prise 
aS CF 12 31 "ERTER ¥3 G7 *Fe 2 FI 189 AECL ¥ 
#6 ENG 3 72 PROMPT 58 ARCL 22 Rd + 116 PRA 

a? SF 12 33 STO 25 5° PRA 85 CHS ill SF 13 
RA" REOCTIVE: 34 BEEP 64 FIX 2 Ra CTY 112 "HITHOUT BRI¥E" 
AS PRO 35 RCL 32 él *RS=" BF CHS {i3 PRA 

18 “CLOCK DRIVE 36 PI 62 ARCL 22 nef 114 CF 13 
HT PRE a7 + 23 PRA ga + 115 RCL 25 
12 CF 12 38 4 4 “¥Ss" G2 RCL 22 116 ate 

13 ADY 79 + 65 ARCL 25 S1 + 117 RCL 21 
14 BEEP 49 STO 26 66 PRA 92 REL 25 118 * 

{5 “ENTER CL‘ 4{ Kt? cE? ERG 3 92 2 119 REL Ze 
{6 PROMPT 42 REL 21 fe RCL 2! 4 - 126 * 

17 570 21 42 + bo RCL a7 95 ¥t? 121 7PL=: 
19 BEEP 44 178 7B e a4 4 122 ARCL ; 
19 “ENTER F* 45 $10 27 Pi Sapt QF FEL 2} {23 PRG 

28 PROMPT 46 "Ls" 72 RCL 23 ao 4 124 any 

21 579 22 47 AREL ¥ 73.80. fe a5 4 25 RCL 28 
22 BEEP 48 PRO 74 REL 27 18a 126 ¥t2 

22 "ENTER PS" 49 FIX Z 734 i@i oDy (27 CHS 

24 PROMPT 58 “§l>" 76 RCL 24 182 “POWER Loss" 2F 1 

25 S70 23 51 ARCL 24 iy 182 FRA {24 + 

26 BEEP 52 PRA rf + 194 SF 12 36 SORT 


208 


continued on pg 210 


EDN January 19, 1989 


Capturing the 
ENTIRE 


WAVEFORM MAXIMUM 


MEMORY 


to 640M pts 200 MS/sec 


Struggling to record fast pulses, Plus, you can synchronize multiple 
transients buried in noise, or closely channels for simultaneous recording. 
spaced signals? — fo  - 


Problem solved! LeCroy Modular — m 
Waveform Digitizers combine fast pow 
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LISTING 1—REACTIVE CLOCK-DRIVE PROGRAMS (Continued) 


te 
tie Und Pi bee ot 
woo 
i 
tied 
ct 
“o 


ee 


[2,510 23 ifs "RCLOCK* 213 RUL 26 fe REL 32 PLOT OF RCLGCE 
Liz Fl 174 6510 1! el6 + ie e CUNITS= [3 
{33 REL ZF 175 ENG 2 27 RCL 2 28 CHS 7 (UNITS. 1,3 4 
{74 176 ROM “PRPLOTP: 218 + 21 Et 4.6 158 
{35 ROL 23 {77 BBY 219 SIK 22 4 eG 
a6 ¢ 178 PCL 35 228 REL 28 23 PCL 29 oo 
{27 $70 Ja 178 1% 221 RCL 26 a 8. aa 
175 ROL 29 166 TIRE LHCs: 222 2a | Aish 
139 REL 23 18] ARCL ¥ 223 RCL 32 a6 a, 2a! 
140 - 192 PPA 224 + 27 RCL 25 45) 
141 ATCH 123 Any 225 CHS 28 4 A. e8! 
142 $70 7! 186 Any 226 ET 29 2 0.75) 
142 8 L254LBL ROLOCK’ 227 ¥ 78s f,98! 
144 370 22 166 PCL 35 P28 REL 29 31 END 1.85! 
145 8 187 6 229 (3m 
i46 STO Be 188 $10 3: 238 CHS ALeLEL “ZERO 13a 
147 ELL 23 LO? ECL ee ev! | Az @ 1,58! 
148 STO Bi 198 1X 32 + AZ END 165! 
149 @ 7 232 RCL 25 1 og! 
158 S70 a2 19P 4 234 ¥ ALeLEL oye eS 
151 S70 a4 193 4 235 2 Q? REL 25 2 in! 
se S10 He Oq / cst / AS ERD 5 9c 
153 ECL 22 95 RCL 33 227 END : 2 4p! 
154 te? 96 MDY? at 
155 ENTER? 97 GTO "ZERO" 2 7a 
156 LOC 98 REL 22 A1eLEL “DONE: 3 55 
57 CHS 99 1/8 B2 REL 32 1.00 
58 THT Aa 2 uo KUL de REACTIVE 2.45) : 
159 ; . ‘LOCK 7,38: 
3 
3 


Po a To tet Mo tha Be ee eee ee ee eee 


168 + d5: 

Ab 
tet 1aty @3 xy? Re - L221 666-6 ee 
162 $70 35 a4 GTO “DeuH a? STO 32 BL=1B8 G6 aE, 
167 4 AS RCL 22 AS RCL 29 CL=5, gaBE-9 “ag: 
64 S70 89 86 1/¥ oe F=2hh @E2 dan: 
165 .5 a7 4 18 RCL 2é F5=4, 08 4 36 
166 + 288 - lle VS=15, 88 — 
167 FIE 2B | ok we 12 RCL 21 4 Sa: 
168 ENE 218 KY? ie POWER LOSS 455 
169 FIR ¢ 21 GTQ "¥° 14 STH with drive 480 
178 49 212 REL 22 15 PCL 28 PC=28, 226-2 4.95: 
in 213 REL 24 16 REL 26 without drive _ 
i72 S70 18 214 * A PL=225, 4£-2 


PLATT 


Ri*LEL “PLATT: 21 S10 22 dj + 6] "Fe ad | 
G2 "PEYA {83° 22 BEEP 42 4 62 ARCL 22 BP | 
B3 “PL PLOT" 23 “ENTER PS" 43 4 &7 PRA a4 | 
Ad ROD 24 PROMPT 44 STO 26 é4 FIZ 2 4 2 | 
O5 CF 13 25 STO 22 45 42 65 "RSs 5 

Be ENS 3 26 BEEP 46 BEL 24 é6 ARCL 23 AE STO OR 

87 SF 12 27 ENTER QL" a7 x £7? PRA 87 RCL 26 

he" REACTIVE 28 PROMPT ab ty EG "WGer ao L/¥ 

AS Pra 24 STO 24 49 STO 27 £9 ger 35 e P] 

18 “CLOCK DRIVE" 36 BEEP a8 *L=* 7A PRA ch + 

oe 31 “ENTER ¥S* 51 ARCL 71 ENG 3 91 RCL 22 

12 CF ip 32 PROMPT 52 PRA 72 RCL 2! 92 EN 

i2 ADV 33 STO 25 53 FIX 2 73 PCL 27 97 CHE 

14 BEEP 34 BEEP 54 *GL=t 747 a4 

15 “ENTER CL" 25°": DEVIATION” 55 ARCL 24 75 SORT a5 4 

Lh PROMPT 36 PROMPT 5 PRO ORCL 23 S6 SORT 

J? O70 21 37 S10 19 57 ENG 3 77 PCL 26 GF 

12 BEEP 38 BEER 54 "tis" 78 RCL 27 98 ST 30 

19 “ENTER F° 39 REL 22 59 ARCL 2 79 4 99 ENG 2 

28 PROMPT 49 PI Ge PRO OA RCL Ze 
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{98 *]G=" 126 FOL i? 172 BLL 2s 
if] GeLL 4a 127 188 173 CHS 
182 PRA 138 74 4 

103 Fla 2 1d? | 175 Et 
194 “B=” 148 + 176 * 

145 GECL 13 Idi RCL 28 lif i 

{fe PRA {42 + (a + 

{8& 1 fe {44 3 BB Rt? 
1p9 145 ENTER BL + 
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lil ! idt AOdy £3 
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il¢ # {58 + 6 S10 Ab 
115 PCL 26 {51 Ef a? Tn ad 
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117 EXTER? ini i 51a 89 
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t 

{ 

i 

1 

1 
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125 # 161 97 “PLICL” 
126 | 162 RCL A 98 GST) it 
oo ‘1b? yO) ag 

ee ce ted GG Any 
oe 165 S16 & @1 ENG 3 
{78 + 166 RCL 38 @2 “PHIN=" 
131 RCL 2! ‘167 RCL 2 @2 ARCL Aa 
132 + ‘162 + 84 PEE 

ivi RCL 22 169 ERTER? a5 “PRAY=" 
i344 178 COs a6 ORCL at 
132 S10 & 7k HOY a7 PRS 


JET LL ata Cd fa eee CD Aa tte 
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You can find the effective 10 to 90% rise and fall 
times for the reactive circuit from Eq 1 by using the 
following equation: 


= oaths 
tr, te = 0.59 (5). 


Driving Cy, with a conventional clock circuit produces 
the following power dissipation in the clock driver: 


Pp = VCrf, 
where f = clock frequency. 


A thorough analysis of this reactive clock scheme 
yields this equation for the power dissipation: 


Pp = V3’Cy (1 — ef 
Rg 
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LISTING 1—REACTIVE CLOCK-DRIVE PROGRAMS (Continued) 
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capacitance, Cy, and your specified clock frequency. 
You should select Q; and Qe to have low on-resistance; 
on-resistance is not critical, however, for Qs and Q, 
as long as the Cy, x Ron time constant is much less 
than the clock period. This restriction allows Cy, to 
fully charge and discharge at the clock-voltage ex- 
tremes. 

The current through inductor L produces a voltage 
in the 10-~F capacitor, which minimizes the average 
inductor current. This voltage, therefore, varies to 
compensate for timing differences or component vari- 
ations. 

The programs in Listing 1 run on a Hewlett-Packard 
HP41CV calculator and its companion printer, the 
HP821438A. The first program, labelled RCLK, com- 
putes the power loss for the nonreactive and reactive 
clock circuits, and graphs the results. The second pro- 
gram, PLATT, displays the circuit’s power loss as a 
function of ring time. 
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Design Entry Blank 


$100 Cash Award for all entries selected by editors. An 
additional $100 Cash Award for the winning design of 
each issue, determined by vote of readers. Additional 
$1500 Cash Award for annual Grand Prize Design, 
selected among biweekly winners by vote of editors. 


To: Design Ideas Editor, EDN Magazine 
Cahners Publishing Co 
275 Washington St, Newton, MA 02158 


| hereby submit my Design Ideas entry. 
Name 


Title Phone 


Company 
Division (if any) 
Street 


City States Zip 


Design Title 


Home Address 


Social Security Number 
(Must accompany all Design Ideas submitted by US 
authors) 


Entry blank must accompany all entries. Design entered 
must be submitted exclusively to EDN, must not be 
patented, and must have no patent pending. Design must 
be original with author(s), must not have been previously 
published (limited-distribution house organs excepted), and 
must have been constructed and tested. 

Exclusive publishing rights remain with Cahners 
Publishing Co unless entry is returned to author or editor 
gives written permission for publication elsewhere. 

In submitting my entry, | agree to abide by the rules of 
the Design Ideas Program. 


Signed 
Date 


ISSUE WINNER 
The winning Design Idea for the October 13, 1988, issue 
is entitled “Serial port controls parallel device,’ submit- 
ted by John McGowan of Advanced Micro Devices (Santa 
Clara, CA). 


Your vote determines this issue’s winner. All designs 
published win $100 cash. All issue winners receive an ad- 


ditional $100 and become eligible for the annual $1500 
Grand Prize. Vote now, by circling the appropriate number 
on the reader inquiry card. 


CMOS buffer has low 


quiescent current 


W F McClelland 
Electronic Resources, Stamford, CT 


The CMOS digital power buffer shown in Fig 1 delivers 
almost any current level up to hundreds of amperes 
yet draws no quiescent current and is totally immune 
to latchup. The circuit uses four MOSFETs, two of 
which are low-current drivers. You can size the output 
power MOSFETs to suit your application. 

When the input signal changes state, R limits the 
current through Q; and Qe for the few nanoseconds 
that both transistors are on. When the input settles 
to its new state, the output transistor that had been 
turned on charges its gate capacitance through R, thus 
delaying its turn-on time by a time determined by R. 
If speed is not a consideration in your application, you 
can make R very large, resulting in minuscule quies- 
cent-power consumption. If you choose R to be too low 
a value in order to increase the switching speed, R 
could overheat if you allow the input to float. To correct 
for this float, add a 100-kO resistor from OUT to IN. 


To Vote For This Design, Circle No 747 


Fig 1—This digital power buffer consumes virtually no quiescent 
current, the circuit consumes only enough current to charge a power 
MOSFET’s input capacitance at each change of state of the input. 
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A lwo Wire Isolated and Powered 40-Bit Data Acauisition System 


Guy Hoover and William Rempfer 
Introduction 


For reasons of safety or to eliminate error producing ground 
loops, it is often necessary to provide electrical isolation be- 
tween measurement points and the microprocessor. Unfortu- 
nately, the isolated side of this measurement system must 
Still be provided with power. One alternative is to power the 
isolated side of the circuit with batteries. This solution works 


if power consumption is low, environmental conditions are. 


mild and the batteries are easily accessible. If these condi- 
tions are not met a separate isolated supply may be con- 
structed. This can be both difficult and expensive. This 
design note describes a transformer isolated system in 
which one small pulse transformer provides both power and 
a data path. 


The circuit of Figure 1 is a 10-bit data acquisition system with 
700V of isolation. The circuit takes advantage of the serial ar- 
chitecture of the LTC1092 which allows data and power to be 
transmitted using only one transformer. A 10-bit conversion 
can be completed and the data transferred to the microproc- 
essor in 100us. Using standard ribbon cable the isolated side 
of this circuit has been remotely located as much as 50 feet 
from the transformer without affecting circuit performance. 


Circuit Description 


In Figure 1, a 4us wide CS pulse clears the 74HC164 shift 
registers which will hold the Doyt word of the LTC 1092. Addi- 
tionally, the CS signal sends a 15V pulse through the trans- 
former which charges the 1yf capacitor. The CS pulse width 
must be in the 2-6us range for the transformer shown, a small 
Pulse Engineering model. A pulse more than 6ys will saturate 
the transformer while a pulse width of less than 2us will not 
transfer enough energy through the transformer to keep the 
isolated supply from drooping during the conversion. The CS 
pulse can be generated with software or hardware. The 
LT1021-5 produces a regulated 5V at its output once the 1yf 
capacitor is charged to approximately 7.2V. The LT1021-5 
regulated output powers the isolated side of the circuit. Ini- 
tially several CS pulses may be required to charge the tpf 
capacitor to 7.2V. Once charged however, only one CS pulse 


per cycle is required to keep the isolated supply from droop- 
ing as long as the cycle is repeated every 100us. The 15V CS 
signal is also attenuated and delayed. This signal is used to 
reset the clock circuit and begin the conversion of the 
LTC1092. The delay is required to allow the transformer fly- 
back to die out before transmitting the Doyr word of the 
LTC1092 across it. 


The clock circuit is a simple oscillator that is gated by a com- 
bination of the CS signal and the 74HC161 counter so that for 
each CS signal the clock circuit generates 12 pulses and then 
is gated off. These 12 pulses are used to perform the A/D con- 
version and shift the Doyt word of the LTC1092 into the 
74HC164 shift registers where the data can be acquired by 
the microprocessor. 


The Doyt serial data of the LTC1092 is encoded with the 
clock, differentiated and sent across the transformer. The 
encoding circuitry pulse width modulates the LTC 1092 out- 
put. The encoding circuitry uses two one shots to combine 
the data and the clock. For each negative going clock edge a 
positive pulse is produced at the output of the encoding cir- 
cuitry. A wide pulse at the output of the encoding circuitry 
represents a logical 1 and a narrow pulse represents a logical 
0 as shown in the timing diagram of Figure 2. The schottky 
diodes on the output of the 74HC04 capacitor driver are to 
protect the driver from damage caused by the initial 15V 
pulse and the resulting flyback. 


The differentiated spikes from the transformer are “inte- 
grated” by the schmitt inverters and the 74HC74. Again, 
schottky diodes as well as current limiting resistors are used 
to protect the gates from transformer excursions beyond the 
supplies at their inputs. The encoded data is decoded by one 
half of the 74HC221 which reconstructs the clock. The 
74HC164s convert the data to parallel format. 


The 10kQ pull-up resistor forces the output of the LTC1092 
high when the A/D is in the high impedance state. When the 
AID output becomes active a start bit (logic 0) is clocked out. 
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When this initial high to low transition is clocked into bit two 
of the second 74HC164 it triggers the one shot in the second 
half of the 74HC221 which provides a load data pulse for the 
microprocessor. 


summary 


The LTC 1092 with its simple serial interface is ideally suited 
for this transformer isolation application. It requires only two 
isolated lines to transmit 10 bits of data. Additionally, during 
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the time when data is not being transmitted, power for the 
A/D can be sent through these lines. The circuit provides 
700V of isolation and can perform a conversion and shift the 
data in 100us. The isolated portion of the circuit can be re- 
motely located up to 50 feet away using ordinary ribbon 
cable. Possible applications for this circuit are PC-based 
measurement systems, medical instrumentation, automotive 
or industrial control loops and other areas where ground 
loops or large common mode voltages are present. 
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Figure 1. Power and 10-Bit A/D Result Transmitted over Two Isolated Lines 
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Figure 2. Timing Diagram Shows Pulse Width Coding Technique 
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Introducing OrCAD Verification and Simulation Tools 
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The Next Logical Step 


Introducing OrCAD / VST, a full featured 


verification and simulation tool that is 
designed to place the performance of an 
expensive workstation on your PC. 


OrCAD / VST is integrated with the 
popular OrCAD /SDT schematic 

capture package, with easy-to-use menus 
and powerful keyboard macros. Your 
valuable time is used to simulate designs 
without investing the time, money and 
resources to built prototypes. 


With unsurpassed performance on a PC, 
you'll discover that nothing comes close 
to OrCAD's features and price. 
Benchmark the specifications for 
yourself. We guarantee satisfaction, or 
your money back! 


e Event driven, 12-state functional 
simulator 


e Exceeds 10,000 events/sec. on an 8 MHz 
AT without additional hardware 


¢ Over 14,000 gate capacity 
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OrCAD / VST es 
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e Logic analyzer display format. Virtual 
screen displays 50 channels 


e 10 breakpoints can be set as AND/OR 
condition of up to 16 signals 


e User selectable minimum and 
maximum delays 


e Input stimulus is easily defined with an 
integrated pop-up editor 


e Includes component models of TTL, 
ECL, CMOS, Memory devices, and easy 
to use utility for creating custom models 
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e Of course, OrCAD's excellent support: 
technical staff to answer questions, 1 year 
of free product updates, and a trained 
sales and support network 


Call or write today for our 
Demo Disk and brochure. 


OrCAD ®:| 


Systems Corporation 


1049 S.W. BASELINE ST. SUITE 500 
HILLSBORO, OREGON 97123, USA 


(503) 640-9488 


Contact your local OrCAD Representative for further information SWITZERLAND 
AUSTRALIA ENGLAND ITALY eee — 
Prometheus ARS Microsystems, Ltd. MicroData Systems 

0 3862 3666 (0276) 685005 0187 966 123 WEST CERMANY 
AUSTRIA FINLAND JAPAN Ae eee GMBH 
Dahms Elektronik Gmbh Elektrotel OY Sotec Company, Ltd. 

0316 640 300 0754 3122 045 (641) 0802 

NETHERLANDS FRANCE SPAIN 

Post Electronics ALS Design Next-For S.A. 

02159 - 41774 (01) 46.04.3047 0261 2415 

OR 8746-A 

DENMARK/NORWAY ITALY SWEDEN 

NordCAD BRM Italiana Technology Partners 

0 817 3299 (011) 7710010 08 156815 
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Enter the Knowledge-based 


Cross the threshold into 
the Knowledge-based 
Engineering Environment 
(KE’), a world created by 
NCR specially for ASIC 
designers. 

Here, the normal conven- 
tions of ASIC design 
are superseded. 

Previously unthinkable 
deadlines are now routine. 

Increased levels of 
quality are matched by 
decreased cost per gate. 

Yesterday’s integration 
impossibilities are mere 
keystrokes away. 

And your control is 
absolute. 

In ASICs, knowledge is 
power and with KE? tools 
and libraries, you com- 
mand the knowledge 
amassed by hundreds of 
top ASIC designers over 
the past decade. 

For example, our Design 
Synthesis™ tool lets you 
design entire blocks with- 
out getting bogged down in 
implementation details. 
The system automatically 
generates correct and effi- 
cient logic specifications 
from your high-level lan- 
guage descriptions. 

Design Advisor™ is an 
expert system that puts you 
in charge of a “team” of top 
ASIC design, test and pro- 


duction professionals that 
we “captured” in software. 
At your request, this 

“team” analyzes the design 
and reports back to you 
with comments and sugges- 
tions for your review. 

ViTat™, NCR’s Static 
Timing Analysis Tool, com- 
presses the time needed to 
analyze high performance 
designs by up to two 
months over pattern-driven 
simulations. 

And there’s much more, 
including function compil- 
ers, extensive libraries of 
digital /analog cells, MPU 
cores and supercells and 
the complete NCR ViSys™ 
tool set. 

Leave behind the ASIC 
design systems that restrain 
your capabilities and tether 
your imagination. Enter a 
world where there is more 
time, more power, more 
options. Where all your ca- 
pabilities are multiplied. 

A world all the more 
incredible because it’s not 
an illusion, it’s real. 

For additional informa- 
tion on the Knowledge- 
based Engineering Environ- 
ment, call the NCR Hotline 
1-800-334-5454. Or write, 
NCR Microelectronics, 2001 
Danfield Court, Ft. Collins, 
CO 80525. 


Knowledge-based Engineering Environment, KE’, 
Design Synthesis, Design Advisor, ViTat and ViSys 
are trademarks of NCR Corporation. 
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“EDN’S MAGAZINE AND NEWS EDITIONS 


Advertising in EDN Magazine and News Editions works for 
Linear Technology Corporation. It can work for you. 
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ADDRESS THE WORLDWIDE 
LINEAR IC MARKET WE'RE AFTER.” 


“When I buy EDN’s Magazine and News Editions, 
I'm buying a powerful worldwide circulation and the 
most prestigious editorial environments available. 
That's a combination that gets results,” says Bill 
Ehrsam, Vice President of Marketing for Linear 
Technology Corporation. 


Ehrsam knows industry sales for high-performance 
linear ICs are split between the United States, Western 
Europe, and the Pacific Rim. Says Ehrsam, “It’s my job 
to choose media that mirrors the world markets.” 


For complete global coverage, Ehrsam places his 
advertising in EDN Magazine Edition and EDN News 
Edition. “Linear Technology Corporation is a strong 
supporter of EDN Magazine Edition. We rely on EDN’s 
targeted coverage of the U.S. and Western Europe. When 
EDN News Edition added Pacific Rim circulation in 
December 1987, we added it to our media schedule.” 


For Bill Ehrsam, ““EDN’s Magazine and News Editions 
form the cornerstone for Linear Technology 
Corporation’s media plan now and in the future.” 


Where Advertising Works 


Bill Ehrsam 
Vice President of Marketing 
Linear Technology Corporation 
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For performance 
Superiority, space saving 
design and packaging selec- 
tion, Data Display's tri-color 
LEDs are your brilliant 
choice. As high-intensity 
red, green and amber light 
indicators, their quality and 
reliability clearly shine 
through in a T71 package. 

The tri-color LED light output is a good 21 MCD 
with wavelengths of 635 for red and 565 green. 

A milky diffused package provides an extra wide 
viewing angle. Also, you're designing in the 
dependability and competitive pricing you can 
expect from a world leader in LEDs. 


Save Space. Two LEDs in One Package. 


All of our tri-color LEDs use a bright idea to 
improve your high density packing. The 11 size 
has 2 LED chips in the same small package. Two- 
terminal operation gives red (DC +), green (DC —), 
and amber (AC) with current of 20mA. 


FLASH OF BRILLIANCE 


Tri-Color Excellence in a1 size from the World Leader in High-Efficiency LEDs. 


Also having the same two-terminal operation 
features is a larger 11% size. It's ideal for lens 
illumination. Another 1134 size has three-terminal 
Operation with a common cathode. 


Choice of Packages. Shining Support. 


Data Display has a network of sales represent- 
atives and distributors to get you the quantities you 
want. Our complete line of LEDs includes a variety 
of packaging options—from PCB mounts including 
Our new variable array to panel lights available 
with or without lenses. And we also provide 
engineering support. 

Make the brilliant choice. Call Data Display, 
TOLL FREE (800) 421-6815. Within California, 
call (213) 640-0442. Free catalog. 


DATA 
DISPLAY 
PRODUCTS 


| ASL ESEELELI AE LIAN ELE ALLO LIV LE PITT EEO NE AE 
Your Brilliant Choice 


P.O. Box 91072, Los Angeles, CA 90009 
(213) 640-0442, FAX 213-640-7639 


INTERNATIONAL REPS: Argentina YEL SRL, PH: 1 46 2211, FAX: 1 452551 - Australia Ampec, PH: 2 689 3522, FAX: 2 633 5448 - Belgium/Holland Klaasing Elc, PH: 1620 81600, 
FAX: 01620 56500 - Denmark Radio Parts, PH: 1 34 34 11, FAX: 1 342232 - France A Jahnichen, PH: 1 4780 6001, FAX: 1 4786 1601 - Israel R.C.M. Computers, PH: 3 5447885 


FAX: 3 491942 - Italy Microdata, PH: 187 988182, FAX: 0187 988322 - South Africa Liberty Elec., PH: 52 7637, FAX: 52 892 2208 - Spain Betatron, PH: 1 694 2511, FAX: 1 693 7384 - 


United Kingdom Mar! Int'l, PH: 229 52430, FAX: 0229 55155 - West Germany/Austria Kuhn GmbH, PH: 6235 5662, FAX: 6 235 81955 
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Headers, Sockets, Jumpers, DIP Switches, .025 Sq. Stix, etc. 


PIN GRID ARRAY SOCKETS 
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We want to power your next field test. 


Let us show you how much a dryfit® sealed lead-acid The only one of its kind with patent protected advan- 
battery can improve your product credibility! Just give tages for extended cycle life. The one with longer float 
us your application specs and we'll match them with life. And the one with the easiest charging techniques 
the dependable dryfit battery you need. and the proven leak-proof construction! 

Whether primary power or standby, dryfit is the Just look at the broad range of critical applications 


right battery for the job. Because dryfit 
is the original gelled electrolyte, re- 
combination sealed lead-acid battery. 


where dryfit outperforms ordinary 
batteries: 

Backup power — UPS, Computers, 
Electronic scanners/Point of sale equip- 
ment, Security/Fire alarm systems, 
Telecommunications. 

Primary Power — Portable medical 
equipment, Robots, Wheelchairs, 
Photographic equipment. 

If you have a need for customized 
batteries, let’s talk. We can design and 
manufacture battery packs of any size and configura- 
tion to meet your exact specs. 

Putting us to the test begins with one quick, 


free call to 1-800- -Adryfit 


SONNENSCHEIN BATTERIES, INC. 
P.O. Box 339 Cheshire, CT 06410 


(203) 271-0091 
aa Exclusive Canadian Agent: 


Advanced Battery Systems 


Sonnenschein Mississauga (416) 670-7159 


CIRCLE NO 39 dryfit® is a registered tradmark of Sonnenschein Batteries, Inc. 


P.0. Box 130 

® Frenchtown, NJ 08825 
Telephone (201) 996-6841 
Telex 6974615 


ELECTRONICS, INC. _ FAX 201-996-3891 ae 


@ Low insertion force collet sockets to accept 

standard pins. 
@ Solder tail or 2 or 3 wrap pins 
@ .115 platform material UL94VO 
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2-audio inputs...software controlled...1-output. 
Anything you can sing, say or play the VP635 Audio 


OOO 
00080000 Processor can record or playback...20Hz to 7kHz. 
OOOO0O00O0 : s a 2 g 
29209000 Be creative. Mix inputs. Attenuate background music 
99090009 ...mix with digitized voice...output either or both as 
IOOOOO00O B P gt é Pe 
99999000 full fidelity audio. For digital broadcasting, film editing, 
Specials 09009000 personal service terminals and other interactive video 


to any pin configuration | applications. 

Technically, 10-bit, 16K sampled audio inputs are 
compressed to 4-bits ADPCM digital data for hard disk 
recording on your PC/XT/AT/386 or compatible. 

Calf 1-800-338-4231 (ex. CA) for VP635 facts...the 


digital audio board your PC can talk and sing about. 
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Standard sizes from 64 pin to 289 pins. 
See EEM Vol. C, pgs. 1185-1190 
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COMPONENTS & POWER SUPPLIES 


VME BACKPLANES 


@ Feature 8-layer stripline con- 
struction 

@ Offer three power options 

These 21-slot VME backplanes pro- 
vide an 8-layer stripline construc- 
tion. The design is immune to 
ground shift and crosstalk. The 
three power options available are 
M3 studs plus power bugs and bus 
bars, power bugs only, or spade ter- 
minals only. The design features 2- 
oz copper on the external power and 
ground planes; it also provides an 
isolated BBSY line for optimum 
shielding. All signal lines are bused 
on a separate layer and isolated by 
either a Vcc or ground layer. All 
terminations are on board. Bus 
grant and IACK daisy-chain jump- 
ers are located between each con- 


nector position. You can install de- 
coupling capacitors close to each 
connector position. From $1090. 


Bicc-Vero Electronics Inc, 1000 


Sherman Ave, Hamden, CT 06514. 
Phone (203) 288-8001. TWX 203- 
227-8890. 
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{CD Display 
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ACT-1 
LED Display 


TACHOMETERS 


@ Maximum error as low as +0.01 
rpm 
@ Operate from ac or dc power 
sources 
ACT and PACT Series tachometers 
are supplied in standard ’4 and '/ 
DIN cases. Speed range measures 
from 50 to 20,000 rpm for ACT de- 
vices and from 5 to 500,000 rpm for 
PACT units. They operate with pis- 
tol-grip sensors or remote optical 
sensors, which can be held or 
mounted as far as three feet away. 
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Maximum sensing angle from the 
reflective surface is 45°. The ta- 
chometers operate with single- or 
multiple-pulse/revolution inputs. 
The ACT Series includes a unit that 
features field-selectable inputs 
ranging from 1 to 7200 pulses/ 
revolution. All models are available 
with analog or 4- to 20-mA outputs 
and feature high- and low-limit 
alarm and trip set points. $260 to 
$495. 

Monarch Instrument, Columbia 
Dr, Amherst, NH 03031. Phone 
(603) 883-3390. 
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OPTICAL ENCODERS 


@ Have built-in coupling 
@ Insenstive to temperature, aging 
effects 

BC Series optical encoders feature, 
in addition to built-in coupling, a 
patented, self-aligning mounting 
system. The design simplifies in- 
stallation procedures by allowing 
you to mount the encoders without 


the need for a pilot hole. The units 
employ an LED light source and a 
monolithic radial phototransistor 
array. Since all sensors are on the 
silicon chip, sensitivity to tempera- 
ture and aging effects are mini- 
mized. The radial layout also mini- 
mizes sensitivity to disk runout and 
shaft-load variations. The encoders 
feature a 2540-cycles/revolution 
resolution and are compatible with 
TTL, CMOS, 3-state, and RS-422 
interfaces. They operate from 5 to 
15V supply levels and provide a 
quadrature output plus an index 
pulse. The encoders are available 
in instrument grade and ruggedized 
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Tf your automated test requirements change ofte you - 
know how difficult it is to keep up. Expensive new instru- _ 


ments. Sensors that require special conditioning. Complex 
programming. _- | : 

Not any more. Now the Keithley Model 556 GPIB Meas- 
urement & Control System lets you interface a full range 
of transducers to the IEEE-488 bus. Mix any 10 signal con- 
ditioning modules from a library of over 25 specialized 
functions. Thermocouples, strain gages, digital and ana- 
log I/O, power control, frequency, motion . . . more. 

Simple yet powerful commands run with the language 
of your choice, and work with Mac, NEC, DEC, HP. or any 
488 controller. On-board intelligence and memory let the 
956 run as a stand-alone datalogger or process controller. 

Best of all, this power and performance start around 
$2500. Check it out, PDQ, with a toll-free calltothePC _ 
Team at 1-800-552-1115. Or write: Data Acquisition & Con- 
trol Division, Keithley Instruments, Inc., 28775 Aurora 
Rd., Cleveland, OH 44139. 


KEITHLEY 


IEFEE-488 
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industrial grade housings with 
MIL-type connectors to accommo- 
date harsh industrial environments. 
Delivery, eight to 10 weeks ARO. 
$267. 

PMI Motion Technologies, 49 
Mall Dr, Commack, NY 11725. 
Phone (516) 864-1000. TLX 510-223- 
0007. 

Circle No 353 


SOLID-STATE RELAYS 


®@ Switching capability ranges to 

LOA 
@ Reliability greater than 20-mil- 

lion device hours 
SSR-10, -20, and -40 solid-state re- 
lays switch loads of 10, 20, and 40A 
at 24 to 280V ac, respectively. Con- 
trol input requirements range from 
3 to 28V de at 250 mA. All three 
versions feature zero-voltage turn- 
on and zero-current turn-off to vir- 
tually eliminate EMI/RFI prob- 
lems. Turn-on and turn-off times 
are 8 msec max. Optical isolation 
is 4000V rms; dielectric strength is 
3700V. Surge current ratings for 
the -10, -20, and -40 relays equal 
100, 200, and 650A, respectively. A 
built-in snubber protects against 
false triggering. The relays are 
housed in industry-standard pack- 
ages measuring 1.75 x 2.25 x 0.90 
in. SSR-10, $34; SSR-20, $38; SSR- 
40, $46. 

Acculex, 440 Myles Standish 
Blvd, Taunton, MA 02780. Phone 
(508) 880-3660. TLX 503989. 

Circle No 354 
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The 
catalog 
is free. 


The dialogue is priceless. 


And both are as close as 
1-800-552-1115. 


First is a comprehensive new guide 
to all of Keithley’s hardware, soft- 
ware, and systems for data acquisi- 
tion and control. In its 80 pages, 
you'll find the proven performers as 
well as the latest innovations. Like 
the rugged new 500A acquisition 
system and rack-mount mechanical 
package. The new AMM2 analog 
card with higher speed and resolution 
— 50kHz and 16 bits. And expanded 
dynamic range — from a high of 10 
volts to a low of 30 microvolts. A 
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new portable DC system. And new 
software to make it all play. 


Second is a comprehensive new 


CIRCLE NO 60 


corps of highly specialized and ob- 
jective experts called the “PC TEAM” 
(That's T-for-Iest, E-for-Equipment, 
A-for-Analysis, and M-for-Measure- 
ment. PC means PC.) 


These pros will help you coordinate 
and integrate the complex selection 
of compatible hardware, peripherals, 
and software. That’s all they do. 
They do it well. 


To get our book or talk with the 


Team, just call 1-800-552-1115. The 
value is excellent. 


Data Acquisition & Control Divi- 
sion, Keithley Instruments, Inc. 
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ALL POWER SUPPLY 
ROADS LEAD TO (in 
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ILLUMINATION 
SYSTEMS 
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ae wl Engineering Excellence In Design and 
ae oe Manufacturing Since 1945 
UTILITY ° 
DC POWER - m Long Life — 5 Year Warranty hy ] 
/ m 160 Standard Units: 100 W to 100,000 W PROCESS 
CONTROLS 


6 VDC to 1000 VDC 
1A to 3000A 


Custom Units to 150,000W//1,500 VDC 
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ELECTRONIC 
MEASUREMENTS 
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ELECTRONIC 
ec iepileaicima lan 


G) 


SCR REGULATED 

DC POWER SUPPLIES 
“Je:Coleg SINGLE 

PHASE 

TCR 


e 4 power 

levels 600 W - 

1,000 W - 
1,800 W - 2,800 W 

¢ DC outputs variable over full range of 0 to 7.5 

V DC through 0 to 2,500 V DC 

e Regulated and metered (V and A) 

e CV/CC with automatic crossover 

e Fully programmable and remote sense 

e Complies with VDE 875-N and VDE 871-A 

e 5-year warranty 


THREE 
PHASE 
TCR 


e 3 power 
ranges 
2,900 W- 
5,000 W - 
10,000 W 

e DC outputs 

variable over range 
from 0 to 6 V DC through 0 to 600 V DC 

e Regulated and metered (V and A) 

e CV/CC with automatic crossover 

e Complies with VDE 875-N and VDE 871-A 

e 5-year warranty 


EMS HIGH FREQUENCY 
SWITCHING DC POWER 
SUPPLY 


e 48 models 600 W to 1,000 W to 2,500 W to 
10,000 W 

e Voltages from 7.5 V DC through 1,000 V DC 

¢ High density packaging — up to 3.1 Wicubic 
inches at 5 kW 

e Regulated and metered (V and A) 

e Fully programmable and remote sense 

¢ CV/CC with automatic crossover 

e 5-year warranty 

e U/L recognized 


ELECTRONIC MEASUREMENTS, INC. 
405 Essex Rd., Neptune, NJ 07753, Dept. EM 
TOLL FREE: 800-631-4298 
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PROCESS METER 


© Offers a 3'/2-digit display span 
@ Signal ranges are jumper se- 

lectable 
The 205-P digital process meter fea- 
tures 0.56-in.-high characters and 
includes a power supply. Potenti- 
ometers allow you to achieve 2000- 
count zero and span adjustments 
from the meter’s front panel. Full- 
scale signal ranges of 4 to 20 mA, 
0 to 199.9 mV, 1 to 5V, 0 to 10V, 
and 0 to 100V are jumper se- 
lectable. The input is true differen- 
tial and features 56 dB of normal- 
mode noise rejection. The meter op- 
erates from ac (24, 100, 115, or 
230V) or de (5 or 7 to 82V) power 
sources and is housed in a polycar- 
bonate plastic case, which carries a 
94V-0 UL rating. From $139. 

Newport Electronics Inc, 630 E 
Young St, Santa Ana, CA 92705. 
Phone (714) 540-4914. FAX 714- 
546-3022. 

Circle No 355 


DC/DC CONVERTER 


@ Uses bipolar switched-capacitor 
technology 
@ Available in a variety of package 
styles 
The LT1026 de/de converter trans- 
forms a single-level input into a 
dual, higher-voltage output. The 
device uses bipolar switched-capaci- 
tor technology, negating the need 
for internal inductors. The con- 
verter has a 4 to 10V input range 
and will output voltages as high as 
+18V. The maximum output cur- 
rent is 20 mA. The unit requires 
only 1-~F charge pump capacitors. 
The converter comes in a plastic or 
ceramic DIP, a TO-5 metal can, and 
an 8-pin miniature DIP. An LT1026 


in a miniature DIP, $2.10 (100). 

Linear Technology Corp, 1630 
McCarthy Blvd, Milpitas, CA 
95035. Phone (408) 482-1900. FAX 
408-434-0507. 
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DC/DC CONVERTERS 


@ Provide single and dual outputs 
@ Have a 75% efficiency rating 
Suited to high-energy applications, 
R-Series 15W de/de converters ac- 
cept inputs of 10 to 40V de. Single- 
output models provide from 30 to 
1800V de and dual-output versions 
generate outputs from +15 to 
+900V de. All units are housed in 
a 2.5X8.02-in. package that fea- 
tures short-circuit protection. The 
converters have a built-in pi filter 
and a 75% typ efficiency rating. 
Switching frequency is 60 kHz and 
input-to-output isolation is equal to 
the output voltage plus 500V. Other 
specifications include a 1 x 109Q min 
resistance, 50-pF I/O capacitance, 
and 3% line and load regulation. 
Single-output models, $185 (100). 

MIL Electronics Inc, 1 Mill St, 
Dracut, MA 01826. Phone (508) 453- 
8000. 

Circle No 357 


PANEL METERS 


@ Feature 0.01% accuracy 

@ Accommodate a variety of inputs 
Housed in a ’4-DIN package, the 
60 Series digital panel meters fea- 
ture a 0.01% measurement accu- 
racy. Models are available with 3'4- 
and 4’A-digit resolution. The choice 
of inputs includes various thermo- 
couples, RTD, de volts or amps, ac 
volts or amps, and process-level 
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volts or amps. Two RTD models 
and J-, K-, T-, and E-type thermo- 
couples are available for tempera- 
ture ranges of —200 to +1200°C 
or —3828 to +1999°F. The meter 
can scale common process inputs 
such as 0 to 5V de, 1 to 5V de, and 
4 to 20 mA directly to engineering 
unit displays. The meters will han- 


dle linear ac and de inputs ranging. 


: O Cherry Street, tthe a 
— i’ 607- 
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Compare. 130 : : 
or 80 evan. . 


me cutotf settings. 


“max., +£0.03 ¢B typica 


y to install, 2.7” x a2 


from 1 to 600V and from microamps 
to 200 mA. From $104. 

Beckman Industrial Corp, 3883 
Ruffin Rd, San Diego, CA 92123. 
Phone (619) 495-3236. 

Circle No 358 


POWER MOSFETs 


@ Feature logic-level drive compati- 
bility 
® Available in surface-mount pack- 
ages 

The MTD3055EL and MTP3055EL 
power MOSFETs have a low 
threshold voltage (fully on with a 
dV drive), which allows you to de- 
sign power-control circuits that you 
can drive directly from 5V logic 
ICs, Ps, or any other low-voltage 
source. The MT'D3055EL version is 
available in a surface-mount pack- 
age and the MTP8055EL version 
comes in a TO-200 package. Both 
versions have a 60V breakdown 
specification, a 12A drain-current 
rating at 25°C, and an on-resistance 
of 0.180 max at a 6A drain current. 
MTD3055EL, $0.69; MTP38055EL, 
$0.63 (100). 

Motorola Inc, 5005 E McDowell 
Rd, Phoenix, AZ 85008. Phone 
(602) 244-4911. 

Circle No 359 


CHIP RESISTORS 


@ Available on 8-mm reels 

@ Operate from —55 to +125°C 
TNPW1206 chip resistors are avail- 
able on 8-mm reel packages for use 
with automatic placement equip- 
ment. The resistors are reflow 
solderable and feature wraparound 
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terminations. Termination reliabil- 
ity is enhanced by a nickel barrier, 
which protects the inner electrode. 
The barrier is covered with a 
solderable coating. Designed to op- 
erate over a —55 to +125°C range, 
the resistors have a 125-mW power 
rating at 70°C and an operating 
voltage of 100V max. Resistance 
values range from 500 to 100 kO 
for units with a 0.5% tolerance and 
from 1 to 100 kQ for devices with 
a 0.1% tolerance. Both lines have 
a 25-ppm/°C temperature coeffi- 
cient. Unit with 0.1% tolerance, 
$0.55 (10,000). Delivery, stock to 
six weeks ARO. 

Dale Electronics Inc, Box 74, 
Norfolk, NE 68701. Phone (402) 
371-0080. 


Circle No 360 


A/D CONVERTER 


@ Features integral S/H amp 

@ Has a 1-ysec throughput 

The ADC16M1 16-bit 1-MHz A/D 
converter plug-in module consists of 
three pe boards plugged together. 
It features a design employing a 3- 
step foldback conversion technique 
with a transparent partial pipeline 
to achieve its l-wsec throughput 


rate. The high-impedance input cir- | 


cuitry consists of two independent 
S/H amps operated alternately with 
a ping-pong switch and a buffer am- 
plifier. Linearity error equals 
+ 0.002% FSR. The unit is available 
in commercial, industrial, and 
quasi-MIL grades. Commercial ver- 
sion, $2895. 

Hopper Electronics Co, 341 E 
Camelback, #D, Phoenix, AZ 
85012. Phone (602) 266-2687. 

Circle No 361 
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HIGH-SPEED LEDs 


© Have a 105-hour life 
@ Handle short- and long-wave- 
length applications 

The LN Series high-speed LEDs 
satisfy 0.8- and 1.3-~m-wavelength 
applications. The units employ a 
double hetero structure, current 
confinement, and spherical lenses 
that are mounted on the chip. These. 


THE BATTERY FOR 
AUTOMATED 
PRODUCTION 

IS NOW 


pe sae Actual Size 


It’s called the B-35 mPowerCell™. A CMOS backup bat- 
tery that you can handle just like any other component. It is 
tape mounted for automatic insertion. It can be wave 
soldered. And, it withstands all normal flux cleaning and 
board drying procedures. 

The B-35 has the same reliable Lithium-Iodine chemistry 
that is the number one choice for cardiac pacemakers. A 
performance study of over one million batteries in use shows 
a useful life of more than 20 years can be predicted. 

The B-35 has 35 milliamps-hours capacity. Enough for 
most CMOS backup applications. Although not tape 
mounted, higher capacity models (to 1 amp-hour) are 


available with all the other production advantages of the B-35. 


For more information, call (301) 296-7000, ext. 304. 


CATALYST RESEARCH 


A DIVISION OF MINE SAFETY APPLIANCES COMPANY 
1421 Clarkview Road Baltimore, MD 21209-9987 (301) 296-7000 ext 304 
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features result in a coupling effi- 
ciency of 3% for the micro-lens type 
LN183 and LN198 units and 4% for 
the LN181 and LN191 flat-lens 
types. Cutoff frequency is 35 MHz 
for the GaAlAs LEDs in the 0.8-u~m 
region (LN181 and -188) and 100 
MHz for the InGaAsP units in the 
1.3-um region (LN191 and -198). 
$50 to $150. Delivery, 10 to 12 
weeks ARO. 

Panasonic Industrial Co, 2 
Panasonic Way, Secaucus, NJ 
07094. Phone (201) 348-7000. 

Circle No 362 


FLAT-PACK SOCKETS 


@ Accommodate flat packs with as 
many as 164 leads 

@ Operate from —55 to +125°C 

These end-use sockets are designed 
for plastic quad-flat-pack devices. 
Socket contacts are on 0.025-in. cen- 
ters. Units that accommodate flat 
packs with 84, 100, 182, and 164 


leads are available. The design of 
the socket body and lid protects 
wPs during handling, loading, and 
end use. You can apply the lids to 
the wPs while they are still in IC 
handling trays. Tines in the lid grip 
gull-wing packages for pick-and- 
place or manual-handling opera- 
tions. The body latches audibly 
snap into lid grooves to secure the 
lid/package assembly. A latching 
tool ensures manual alignment and 
insertion of the lid/flat-pack assem- 
bly into the socket. By applying 
downward pressure to the tool, you 
load the device and securely close 
the hinged socket latches around 
the lid. The sockets will operate 


over a range of —55 to 125°C. 100- 
position socket, $14.38 (100). 
3M, Electronic Products Div, 
Box 2968, Austin, TX 78769. Phone 
(512) 834-6563. 
Circle No 363 


DRY-CIRCUIT RELAY 


@ [s pc-board mountable 
® Suits appliances, office ma- 
chines, and audio equipment 

The TZ is a dry-circuit-type single 
X-bar contact pc-board-mountable 
relay. It features a 1500V ac break- 
down voltage and a 3000V surge re- 
sistance between coil and contact. 
Contact material is silver palladium 
overlaid gold for dry-circuit switch- 
ing. The relays will switch 1A at 
24V de or 120V ac. Coil voltage rat- 
ings range from 3 to 24V de. Stan- 
dard coil sensitivity at nominal op- 
erating voltages is 107 mA. The re- 
lays have a —25 to +60°C operat- 
ing range and a 100,000 operations 


PRICE...POWER... 
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At $995, MAXI/PC is the most power- 
ful integrated schematic capture/PCB 
layout package available...guaranteed! 
Developed by the world’s foremost 
supplier of PCB CAD software, 
MAXI/PC offers you the most advanced 
capabilities of our high-end systems, 
designed to run on the low-cost PC. 

MAXI/PC can tackle your toughest 
boards—dual in-line, multilayer designs, 
as well as double-sided, surface-mount 
designs. Powerful features such as auto- 
matic component placement, automatic 
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lifetime at rated load. The relays 
conform to UL, CSA, and FCC Part 
68 requirements. $0.96 (1000). De- 
livery, four to six weeks ARO. 
Original Electric Mfg Co Inc, 
123 Lincoln Blvd, Middlesex, NJ 
08846. Phone (201) 271-5770. 
Circle No 364 


BANDPASS FILTER 


@ Isolates the FM band 

@ Provides a 75Q, impedance 

The sharp skirts of the 6067 band- 
pass filter isolate the FM band from 
video signals. The filter’s passband 
ranges from 89 to 108 MHz. Loss 


GUARANTEED. 


~ ,sIN PCB CAD SOFTWARE , 


gate and pin swapping and automatic 
routing take you from schematic cap- 
ture to PCB manufacture faster and 
more cost effectively than ever before. 
MAXI/PC offers you the combined 
Racal-Redac experience of over 20 
years in the EDA field and of more 
than 5,500 proven installations world- 
wide. Its high functionality will meet— 
even exceed—your requirements today. 
And with its upward compatibility, 
enable you to migrate to one of our 
premier systems as your needs grow. 
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Order Today! 


is 5 dB max at 89 MHz and less 
than 2 dB throughout the rest of 
the passband. Rejection measures 
35 dB min from 0 to 87.75 MHz and 
50 dB min from 121.25 to 450 MHz. 
The 6067 comes with type F connec- 
tors and is mounted on a standard 
19-in. rack panel for indoor use. The 
filter is also available in a weather- 
ized housing for outdoor use. $450. 
Microwave Filter Co, 6743 
Kinne St, East Syracuse, NY 

13057. Phone (800) 448-1666. 
Circle No 365 


ZIP CABLE 


@ Handles severe environments 

@ Features 10 to 64 conductors 

Thermoplastic elastomer (TPE) in- 
sulated zip cable is available in sizes 
from 10 through 64 conductors. The 
thermoplastic elastomer insulation 
allows you to operate this cable 
over —65 to +125°C. Cable con- 
struction consists of 28-7 AWG 


30-Day Money Back Guarantee 


MAXI/PC gives you the right power 
and functionality...for the right price. 
And guaranteed satisfaction, or your 
money back. It’s a no-risk offer you 

can’t afford to miss. 


We accept check/money order, Visa 
and MasterCard. 


1-508-692-4900 
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tinned-copper conductors on 0.050- 
in. center spacings. One edge of the 
cable is marked for polarity refer- 
ence. UL recognized at a rating of 
125°C and 300V, the cable is avail- 
able on 100-ft put-ups. A 10-conduc- 
tor cable, $18.69 (10). 

Amphenol Spectra-Strip, 720 
Sherman Ave, Hamden, CT 06514. 
Phone (800) 572-2253; in CT, (203) 
281-3200. 

Circle No 366 


238 Littleton Road, P.O. Box 365 
Westford, MA 01886-9984 
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To EDN readers, for consistently votin 
EDN your favorite electronics 
publication. ceed 


From the staff of EDN 


WE'VE 
GOT IT! 


FROM $695 TO $4995, THERE'S A VIDEO DIGITIZER TO SUIT YOUR 
NEEDS IN OUR PRODUCT LINE. 


Since 1983 Coreco has been supplying feature real-time image digitization. We 
OEMs and end users with imaging boards have a model for every resolution and 

on the cutting-edge of technology. processing power need. Our prices are 
Innovation and originality mark the approach competitive and we support you with more 
of our team of engineers: all our boards software than you ever dreamed of. 


BITS PER FRAMES FRAME | input | OUTPUT TRUE 
RESOLUTION aa PER STORES ed ae ae 
SECOND | MEMORY 


HARDWARE 


OCULUS-150 | Pc | si2x5i2 | 1BmT 32kB_ {| NO | NO | ves | NO | $1545 
OCULUS-200 | Pc | 512x512 | 7ams | 30 | 256KB | Yes | NO | NO | NO | $1295 | 
PROGRAMMABLE | 8 BITS (MONOCHROME) 30 TO UP TO 2 FROM 
OcuLus-300 | a | SEHR | cdi ii 
OcULUS-400 a 


1 OPTIONAL DILUT PROCESSOR 2 OPTIONAL TRUE COLOR BOARD 3 INCLUDES BARREL SHIFTER, GRAPHICS CONTROLLER 


SOFTWARE 


MENU-DRIVEN SOFTWARE. GRABS, DISPLAYS AND STORES IMAGES. 
VGTIZE FORMATS ARE COMPATIBLE WITH MOST DESKTOP PUBLISHING AND 
GRAPHICS PROGRAMS. 
UTIL - 150 


UTIL - 200 BASIC, INTERACTIVE IMAGE PROCESSING FUNCTIONS. 


fas, INCLUDES SOURCE CODE. 


BINARY LIBRARY LIBRARIES OF IMAGE PROCESSING FUNCTIONS, INCLUDING $ 495 


GRAY LIBRARY PIXEL CONNECTIVITY AND PATTERN RECOGNITION. $ 695 


STD. IMAGE CALLABLE FROM USER-WRITTEN PROGRAMS IN C. 
IMAGE MENU-DRIVEN, USER-FRIENDLY PROGRAM 
ANALYZER FOR IMAGE ANALYSIS. 


INDUSTRIAL MENU-DRIVEN PROGRAM FOR DIMENSIONAL MEASUREMENTS. 
INSPECTOR SUBPIXELLATION TECHNIQUES ALLOW ACCURACIES OF 
UP TO 1 PART IN 10,000 


IBM, IBM-PC, IBM-AT, are registered 


Trademarks of International 
P= == o™ “o~ re a om on IN THE US: Meil to: Business Machines Corporation. 
SSS OU NLC BOC Sai ae 16 CIRCLE NO 119 
Otnen CORECO INC. 
INTEGRATED HARDWARE AND (514) 333-1301 


6969 Trans-Canada Highway 
934 SOFTWARE TO SERVE THE FAX: Unit 113, Saint-Laurent, Quebec, Canada 
IMAGE PROCESSING MARKET (514) 333-1388 H4T 1V8 


NEW PRODUCIS 


12-BIT A/D CONVERTER 

© Low power-dissipation 

@ Sample rates to 10M samples/sec 
Available in a 46-pin package, the 
AD9005 is a complete 12-bit hybrid 
A/D converter (ADC) that dissi- 
pates 3.4W of power—83 to 50% 
less than competitive versions, ac- 
cording to the manufacturer. The 
AD9005 features an onboard track- 
and-hold amplifier, a voltage refer- 
ence, TTL timing circuitry, and out- 
put latches. The ADC uses a 
subranging architecture that sam- 
ples inputs to 10M samples/sec. It 
also has a maximum transient re- 
sponse of 120 nsec and an overvolt- 
age recovery time of 150 nsec at 
25°C. Differential nonlinearity and 
integral nonlinearity are 0.75 LSB 
and 2.0 LSB, respectively. With a 


ANALOG SWITCHES 
@ Optimized for high-frequency op- 
eration 
® Available in dual and quad ver- 
S10ns 
Fabricated in DMOS/CMOS tech- 
nology, the DG540, DG541, and 
DG542 analog switches are TTL 
compatible and feature bandwidths 
to 500 MHz. Available in dual and 
quad versions, the devices provide 
5 MHz off-isolation to —80 dB and 
crosstalk of —85 dB. The quad 
DG540 and DG541 are both spst 
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frequency input of 4.8 MHz, in-band 
harmonics are —66 dB min, and sig- 
nal-to-noise ratio is —61 dB min. 
The AD9005 is available in commer- 
cial and military grades. $800 and 


switches. The DG541 comes in a 16- 
pin package. The 20-pin DG540 in- 
cludes extra ground lines between 
the signal pins to improve off- 
isolation and reduce crosstalk. The 
dual DG542, which also comes in a 
16-pin package, has four analog 
switches configured as two spdt 
functions. You can use each spdt 
switch as a selector between two 
channels, allowing the DG542 to 
handle two sets of video signals si- 
multaneously. From $3.93 to $15.88 
(100). 

Siliconix Inc, 2201 Laurelwood 
Rd, Santa Clara, CA 95054. Phone 
(408) 988-8000. 

Circle No 371 


DECISION CIRCUITS 


@ Regenerate digital waveforms 

@ Operate at 1.5 and 2.8 GHz 
Available in low-inductance, sur- 
face-mount packages, the 1.5-GHz 
HDMP-2001 and the 2.8-GHz 
HDMP-2004 decision circuits regen- 
erate digital waveforms in fiber- 
optic transmission systems. Each 


GITAL 
TA 


: OUTPUTS 


$1400 (100). 

Analog Devices, Literature Cen- 
ter, 70 Shawmut Rd, Canton, MA 
02021. Phone (617) 935-5565. 

Circle No 370 


circuit samples the stream of G-bit 
data, measures the amplitude and 
timing, decides whether the bit is 
a ONE or a ZERO, and retimes and 
regenerates the digital waveform. 
The 12-pin HDMP-2004 is suited to 
2.4G-bit/sec, long-haul systems cur- 
rently under development. The 6- 
pin HDMP-2001 is designed for data 
rates from 400M bits/sec to 1.5G 
bits/sec and can be retrofitted into 
existing applications. Unlike the 
HDMP-2004, the HDMP-2001 re- 
quires external coupling capacitors 
and temperature compensation. 
HDMP-2001, $75; HDMP-2004, 
$350 (1-9). 

Hewlett Packard Co, 19810 
Pruneridge Ave, Cupertino. CA 
95014. Phone local office. 

Circle No 372 
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9V REGULATOR 


@ Rated at 5A load current 

® Comes in TO-247 package 

The LAS1905P linear regulator 
provides a fixed voltage of 5V at a 
load current to 5A. The device fea- 
tures internal current limiting, 
thermal shutdown, and on-chip 
safe-area protection of the series- 
pass Darlington transistor. The 
LAS1905P also contains a low- 
noise, temperature-stable bandgap 
reference. The TO-247-packaged 
device can be either manually or 
automatically inserted on a pe 
board. $3.87 (1000). 

Lambda Semiconductors, 121 
International Blvd, Corpus Chris- 
tie, TX 78060. Phone (512) 289- 
0403. 

Circle No 373 


DATA ACQUISITION IC 


®@ Comes in 32-pin hermetic 
package 

@ Multichannel 16-bit system 

The SP9480, which comes in a 32- 
pin hermetically sealed package, is 
a completely integrated multichan- 
nel data-acquisition system (DAS). 
The hybrid IC contains an 8-channel 
multiplexer, a 16-bit sample-hold 
amplifier, a 16-bit A/D converter, 
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a reference, a clock, and 3-state out- 
puts. The SP9480 has a throughput 
of 30 kHz for full-rated accuracy. 
Each of the eight single-ended input 
channels provide 0 to 10V and 
+10V input ranges. Signal-acquisi- 
tion time, which includes multi- 
plexer-switching and sample-hold 
times, is 15 wsec max. Sample-hold 
specifications include an aperture 
delay of 25 nsec and a droop rate 
of 0.025 wV/psec. The 16-bit ADC 
converts in 25 wsec max. Integral 


and differential linearity for the en- 


tire system is specified at + 0.003% 
with a drift of +2 ppm/°C. The 
SP9480 is available in two accuracy 
grades and two temperature 


_ ranges. Delivery, stock to 10 weeks 


ARO. $229 to $395 (100). 

Sipex Corp, 22 Linnell Circle, 
Suburban Industrial Park, 
Billerica, MA 01821. Phone (508) 
667-8700. FAX 508-667-8310. 

Circle No 374 


MICROCONTROLLER 


@ Includes an 8-bit CPU 

@ Features 163 basic instructions 
The TMP90C840 combines an 8-bit 
central-processing unit (CPU) with 
8k bytes of ROM, 256 bytes of 
RAM, an 8-bit A/D converter, a 
multifunction 16-bit timer/counter, 
I/O ports, and a serial interface. 
Managed by an 11-channel direct- 
memory-access controller, external 
program memory can reach 56k 


bytes and external data memory - 


can reach 1M byte. The device fea- 
tures 163 basic instructions, includ- 
ing 16-bit arithmetic operations. It 
has a minimum instruction execu- 
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OASC 


OGALLALA USA. 


THE NEW FILM CAPITAL OF THE WORLD. 


ASC presents a complete line of film 
capacitors for commercial, industrial 
and military applications. 


In case you didn’t know, Ogallala is in western 
Nebraska. And now, thanks to ASC, It’s about to 
become the new film capital of the world. 

That’s because in 1987, ASC acquired the entire 
capacitor division of TRW. By combining the best of 
both companies—strong engineering 
and technological know-how with a 
total commitment to customer service 
—ASC has emerged as the fastest 
growing film capacitor manufacturer 

in the U.S. With 280,000 square 
feet of combined manufacturing 
capability in Ogallala, Nebraska 
and Guadalajara, Mexico, we 
can deliver application 
Specific capacitors In 
volumes, large and 
small. All at very com- 
petitive price points. 
Our full line of high 
quality, cost efficient 
film capacitors includes polyester, 
polycarbonate, polypropylene and polystyrene 
dielectrics, both metalized and non-metalized. 
Plus, oil filled capacitors for industrial and 
motor-run applications and more. 

In fact, virtually any configuration of film 
capacitors from A-Z, are available from ASC, 
ASAP. All of which proves that business Is better 
when it’s done right, at home. Call us today at 
818-710-8555 and let ASC show you why. 


OASC 


Sales & Marketing, Canoga Park, California 
Engineering & Manufacturing, Ogallala, Nebraska 


ASC, 21541 Blythe Street, Canoga Park, CA 91304 


Y< OGALLALA 
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tion time of 400 nsec with a 10-MHz 
clock. The CMOS device operates 
from a single 5V supply and dissi- 
pates 250 mW. It comes in a plastic 
DIP or a quad flat pack. $9.50 
(5000). 

Toshiba America Inc, 9775 
Toledo Way, Irvine, CA 92718. 
Phone (714) 455-2000. 

Circle No 375 


POWER AMPLIFIERS 


@ Provide 22W of output power 

@ Operate from 6 to 18V supply 

Using few external components, 
the TDA1516Q and TDA1518Q 
class-B audio power amplifiers pro- 
vide a power output of 22W (mono) 
or 11W (stereo). Designed for auto- 
motive applications operating from 
a 6 to 18V supply, the ICs include 
an on-chip mute function that elimi- 
nates audible switch-on and -off 
clicks and a standby mode that re- 


The view through 
our window 


duces quiescent current from 30 mA 
to <100 pA. The TDA1516Q, which 
is suitable for use in booster amplifi- 
ers, has 20 dB of gain; the 
TDA1518Q, designed for car radios, 
has 40 dB of gain. The ICs feature 
internal protection against load- 
dump, short-circuits, and over- 
temperature conditions. The ICs 
are packaged in 18-pin single in-line 
packages, and the pins are bent to 
dual in-line configuration to provide 
sufficient lead separation for pc- 
board mounting. Hfl 3.50 (OEM 
qty). 

Signetics Corp, 811 E Arques 


Ave, Sunnyvale, CA 94088. Phone 
(408) 991-2000. 
Circle No 376 
Philips Components, Box 218, 
5600 MD Eindhoven, The Nether- 
lands. Phone 31-40-756181. 
Circle No 377 


SEMICUSTOM SMPS IC 


@ Uses system-level core technology 
@ Provides basic elements for 
SMPS control 

The FB3480 semicustom array con- 
sists of a core group of intercon- 
nected cells to form a high-perform- 
ance pulse-width-modulator (PWM) 
controller for switch-mode power 
supplies (SMPS) requiring as much 
as 1 MHz. The array is implemented 
on a 36V bipolar process. The 
F'B3480’s core cells include a preci- 
sion voltage reference; an oscillator; 
an error amplifier; and two totem- 
pole, high-current output stages op- 
timized for high-frequency opera- 


is like no othen... 


For a Single-Chip Disk Drive Data Recovery Solution. 


silicon Systems opens a wider window 
fo give you a clearer view of your data 
with our family of new single-chip data 


separators. These exciting new chips take 


the level of integration one step further. 
They combine the data synchronization 
and ENDEC electronics —together with 
most of the frequency setting compo- 
nents —onto a single chip. 

This sophisticated new level of inte- 
gration reduces pin count and board 
Space and allows the data rate to be 
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programmed with one external resistor, 
ord DAC, for zoned-bit recording applica- 
tions. And with advanced features like pro- 
grammable data rate and programmable 
decode window centering, you can 
improve disk drive testability while reduc- 
ing your design time and effort. 

You can also select the device for 
your coding methodology requirements 
from a full range of data separator prod- 
ucts: the 32D5321 and 32D535 for 2,7 
RLL coding; the 32D534 for MFM coding; 


silicon gene 


and the 320536 for 1,7 RLL coding. 


Call Now! 
(714) 731-7110, Ext. 3575 


For more information on this new family 
of Data Recovery Devices and our other 
Disk Drive IC Product Families, contact 
Silicon Systems, your local representative, 
or distributor today. Silicon Systems, Inc., 
1435] Myford Road, Tustin, CA92680. 


Circle 42 for Product information 
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tion. The FB3480 also contains sev- 
eral clusters of uncommitted tran- 
sistors, resistors, and capacitors 
that you can connect to form higher- 
level functions, using the company’s 
library of soft macrocells. NRE 
charges of $7500, which include 50 
customized prototypes, are contin- 
gent on a minimum production com- 
mitment of $25,000 worth of parts. 
Unit price, around $5.00. 

Micro Linear Corp, 2092 Con- 
course Dr, San Jose, CA 95181. 
Phone (408) 4338-5200. 

Circle No 378 


MOTOR CONTROLLER 


® Controls the speed of brushless dc 
motors 
@ Requires no external passive 
components 

The PBM8961 motor controller 
regulates the speed of 3-phase, 4- 
pole, brushless de motors and in- 
cludes functions to start, stop, and 
reverse the motor. Apart from the 
H-bridge power MOSFETs that 
drive the motor’s phase windings, 
the controller doesn’t require any 
external components. The device is 
optimized to drive a 3600-rpm disk- 
drive motor, using a 4-MHz refer- 
ence-clock input. However, you can 
operate it satisfactorily at motor 
speeds between 1800 and 7200 rpm 
by altering the clock frequency. It 
accepts inputs from the motor’s 
three Hall-effect sensors and pro- 
vides closed-loop control of the mo- 
tor speed. All loop filtering is per- 
formed digitally within the device, 
which uses pulse-width-modulation 


(PWM) switching to control the cur- 
rent in the motor’s phase windings. 
By adding a resistor in the ground 
lead of the H-bridge drivers and by 
using the PBM3961’s level-sensitive 
disable input, you can limit the 
start-up current of the motor. A de- 
lay circuit in the device’s direction- 
control input prevents cross-con- 
duction of the H-bridge transistors 
when you reverse or brake the mo- 
tor. The device’s PWM outputs can 
directly drive H-bridge MOSFETs 
operating from a supply voltage as 
high as 12V. A TTL-level output 
indicates when the motor has set- 
tled within +0.7% of its correct 


Are you trying to puta 


PC where it doesnt belong? 


Go ahead—develop your programs in your favorite 
DOS-based language on your PC. But for your embedded 
applications, rum them on our rugged STD Bus single . cx 
board computers. They’re temperature-, vibration- and ie = 
noise-resistant for your factory or OEM environment. : 


¢CPU-186 Powerful (to 12 MHz) 80C186 CPU, Zz 
ideal for ROM-based systems / 
24 PlO lines, 4 serial channels, up to 256k 
battery-backed SRAM, 128k EPROM, more 


°CPU-188 8 or 10 MHz 80188 CPU, 1 meg on- 
board DRAM (enough for MS-DOS) 
24 PlO lines, 2 serial channels, 128k 
EPROM, 12 counter/timers, more 
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Both are supported by industry-proven, easy- 
to-use software tools for disk-based and 
diskless MS-DOS environments. 


Call 803-877-8700 for your FREE 
APPLICATION GUIDES to the CPU-186 and 
CPU-188. Also, FREE TUTORIAL DISKETTE 
on our remote symbolic debugger. 


CPU-186 
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COMPUTER DYNAMICS SALES 


107 S. MAIN ST., GREER, SC 29651 (803) 877-8700 
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Member STDMG ee 


MS-DOS is a trademark 
of Microsoft Corp. 


See us at BUSCON WEST 
Booth #408. 
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Looking for a 
job doesnt have 
to be one. 


EDN’s Career Opportunities 
Section keeps you informed 
of current job openings 
from coast-to-coast 


TURN TO 
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value. The PBM3961 is available in 
a 16-pin DIP or small-outline, sur- 
face-mount packages. $3 (10,000). 
Ericsson Components AB, Is- 
afjordsgatan 16, 16481 Kista-Stock- 
holm, Sweden. Phone (08) 757-4854. 
FAX 08-752-6034. 
Circle No 379 
Ericsson Components, 403 In- 
ternational Parkway, Richardson, 
TX 75085. Phone (214) 480-8300. 
FAX 214-680-1059. 
Circle No 380 


MMIC AMPLIFIERS 


® Charactenzed at 500 MHz 
®@ Come in SOT-143 surface-mount 

packages 
The MSA series of cascadable 500 
gain blocks are monolithic micro- 
wave integrated circuits (MMICs) 
suited to narrow- or wide-band- 
width RF applications. To achieve 
high performance and reliability, 
the chips are fabricated in a 10-GHz 
silicon bipolar process, which fea- 
tures nitride passivation, ion im- 
plantation, and gold metalization. 
Each of the three devices in the se- 
ries comes in a low-cost, surface- 
mount SOT-143 package. At 500 
MHz, the MSA-0311 features an 
11’4-dB gain, a 10-dBm power out- 
put and a 5’4-dB noise figure; the 
MSA-0611 has an 18-dB gain, a 2- 
dBm power output, and a 3-dB 
noise figure; the MSA-0711 has a 
12’4-dB gain, a 5’4-dBm power out- 
put, afid a 5-dB noise figure. The 
devices are available on 7-in. or 13- 
in. reels containing 3000 and 10,000 
devices, respectively. $3. 

Avantek, 3175 Bowers Ave, 
Santa Clara, CA 95054. Phone (408) 
970-2659. 

Circle No 381 
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V.32 MODEM 


@ Full duplex at 9600 bps with 
MNP level 5 ECC 
@ Supports CCITT V.29 and 
V.22bis specifications 
The V.3224 modem fully supports 
the CCITT V.32, V.29, and V.22bis 
standards for full- and half-duplex 
9600-, 4800-, 2400-, and 1200-bps 
synchronous and asynchronous 
communication. Full-duplex 9600- 
bps communication utilizes a pat- 
ent-pending echo-cancellation tech- 
nique, a trellis-coded error-correc- 
tion scheme, and support for MNP 
level 5 error checking and correc- 
tion (ECC). The modem also fea- 
tures automatic adaptive equaliza- 
tion, tone or pulse dialing, call- 
progress monitoring, and internal 


diagnostics. The unit can store as 


many as nine frequently used tele- 
phone numbers in nonvolatile mem- 
ory. The modem can autoanswer 
and autodial, using the industry- 
standard IBM PC AT command set. 
The V.3224 is available in rack- 


__ [ [TB] Universal Data Systems 


mount and desk-top versions. 
$1145. 

Universal Data Systems, 5000 
Bradford Dr, Huntsville, AL 35805. 
Phone (205) 721-8000. FAX 205- 
830-5657. TWX 810-726-2100. 
Circle No 415 


VECTOR PROCESSORS 


@ Deliver as many as 100M flops 
with dual 32-bit wPs 
e Attache to a variety of host pro- 
CeSsOors 

The VP (vector processing) Series 
vector processors mount in a stan- 
dard 19-in. rack and attach to a va- 
riety of host computers. The units 
are based on the company’s 32-bit 
CMOS ST-50 processor. The VP-2A 
dual-processor system delivers as 
many as 100M flops. You can com- 
bine a number of VP-2 systems for 
linear improvement in performance; 
for example, three VP-2s deliver 
300M flops. The series operates 
with host computers from IBM, 
Digital Equipment Corp (Unibus, Q 
Bus, VAXBI), Gould, Sun Mi- 
crosystems, and Alliant Computer 
Systems. The series has an aggre- 
gate main-memory bandwidth of 
100M bytes/sec, and it supports 
50M byte/sec data transfers with 
the host over a DMA channel for 
real-time applications. In addition, 
multiple I/O processors can attach 
to the host, permitting data trans- 
fers at 12.5M bytes/sec. 100M-flops 
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system, $95,000. Delivery, 90 days 
ARO. 

Star Technologies Inc, 515 Shaw 
Rd, Sterling, VA 22170. Phone 
(703) 689-4400. 

Circle No 416 


VME RISC MODULE 


e Has an MC88100 RISC wP oper- 
ating at 20 or 25 MHz 
e Has 8M bytes of RAM with par- 
aty 
The MVME181 VME Bus module 
occupies two VME Bus slots. It con- 
tains an MC88100 RISC wP that op- 
erates at 20 or 25 MHz and delivers 
as many as 20 VAX MIPS. The 
CPU is tightly coupled to two 
MC88200 cache/memory-manage- 
ment units: one provides a 16k-byte 
instruction cache, and the other 
provides a 16k-byte data cache. The 
board has 8M bytes of RAM with 
parity. Cache refills are accom- 
plished using a 2-way interleave 
and a 4-word state machine that im- 
plements the burst mode. A 32-bit 
VME Bus interface permits 8-, 16-, 
or 32-bit data transfers and 16-, 24-, 


and 32-bit addressing. The board 
contains the complete system-con- 
troller functions, including a 4-level 
bus arbiter and a 7-level interrupt 
handler. Other onboard resources 
include two RS-232C asynchronous 
communications ports, a battery- 
backed calendar clock, a 16-bit pro- 
grammable timer/counter, and four 
sockets for as much as 512k bytes 
of ROM, PROM, or EPROM. 20- 
MHz version, $8995; 25-MHz ver- 
sion, $9995. 

Motorola, Microcomputer Div, 
Marcom Dept, DW283, 2900 S 
Diablo Way, Tempe, AZ 85282. 
Phone (800) 556-1234, ext 230; in 
CA (800) 441-2845, ext 230. 

Circle No 417 
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MCA MODEM BOARD 


® Contains a multiprotocol SDLC 
adapter 
@ Conforms to Bell 201C standard 
for 2400-bps communication 
The AdaptModem/2 model 2400 mo- 
dem board for IBM’s Micro Channel 
Architecture integrates a 2400-bps 
modem that conforms to the Bell 
201C standard with a multiprotocol 
SDLC adapter. When used with the 
company’s AdaptSNA software, 
the board supports PS/2-to-host 
communications sessions through 
the following SNA protocols: inter- 
active 3270, cooperative processing 
Logical Unit 6.2 (LU6.2/APPC), 
batch Remote Job Entry (3770/ 
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SOUTHCON/8 


The NEWEST 


Design Tool 
For Today's 
Electronics 


RJE), and program-to-program 
Logical Unit 0 (LUO). The modem 
portion of the board includes auto- 
dial and autoanswer features. The 
AdaptSNA software conforms with 
IBM’s device-independent SAA. 
Board, $625; AdaptSNA software, 
$245 to $785. 

Network Softwork Associates 
Inc, 22982 Mill Creek, Laguna 
Hills, CA 92653. Phone (714) 768- 
4018. 
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VOICE PROCESSOR 


® Board for IBM PC/XT and PC/ 
AT has two audio inputs 
© Compressed 4-bit ADPCM data 
audio inputs for disk recording 
The Model VP635 voice-processor 
board for the IBM PC/XT, PC/AT, 
and 80386 compatible computers 
features two audio inputs that can 
be attenuated or mixed under soft- 
ware control. The inputs are com- 


Design 
Engineer 


pressed into 4-bit adaptive differen- 
tial pulse-code-modulation data for 
recording on disk and subsequent 
playback. The bandwidth of audio 
output channel is 20 Hz to 7 kHz. 
The 3/4-size board can sample the 
audio inputs at 8-, 12-, and 16-kHz 
with 10-bit resolution and can also 
randomly access recorded data on 
a floppy- or hard-disk drive. It has 
RCA phone-jack connectors for the 
inputs and output, and its power 
requirements are 500 mA from 5V, 
40 mA from —12V, and 20 mA from 
12V. The inputs and output are 
tranformer isolated. The board 
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comes with menu-driven software 
for recording, filing, and playback 
of audio files under keyboard con- 
trol. $310 (100). 

Antex Electronics Corp, 161008 
Figueroa St, Gardena, CA 90248. 
Phone (800) 621-0849, ext 350; in 
CA, (213) 532-3092. TWX 900-344- 
7381. FAX 213-532-8509. 
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NUMBER GENERATOR 


@ Truly random for IBM PC/XT 
and PC/AT computers 
@ Each generated bit derives from 
a Johnson noise source 
The Model RNG-810 random-num- 
ber generator card for the IBM PC/ 
XT and PC/AT generates truly ran- 
dom numbers, using a proprietary 
noise technology. Each generated 
bit derives from independent 
sources based on Johnson noise. 
The unit requires no starting value 


CALNET 


pendent from any previous num- 
bers. Unlike algorithmic-based 
number generators, the board’s 
numbers are not pseudorandom. 
Since there are no repeating pat- 
terns and no hardware or software 
algorithms, the cycle size is infinite. 
The user can generate 10,000 ran- 
dom numbers/sec. $350. 

Calnet Electronics Inc, Box 
13113, Kanata, Ont K2K 1X8. 
Phone (618) 831-0424. FAX 618- 
831-1936. 
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(or seed), and each number is inde- 


WV VV IVE 


ma ; march 
.. ‘ or [ 
‘ Georg!4 wranta, Georg!? 


Southcon/89 offers you an op- 
portunity to learn more about 
automated design in three short 


days than you can learn from any 


other source in a similar time 
frame. This new product cate- 
gory will introduce you to the 


newest developments, along with 


those time-tested products that 
have brought automated design 
within the price range of virtu- 
ally every electronics firm. 
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28-20, Toss Center 


At Southcon/89, you'll come 
face-to-face with some of the 
world's best minds in automated 
design and learn what products 
will provide the best solutions 
for your design problems, and 
just how automated design can 
expand YOUR future in elec- 
tronics... 

In addition to the new Auto- 
mated Design Center, Southcon/ 
89 will feature more than 1,000 
electronic product demonstra- 
tions in electronic, electro- 
mechanical and packaging com- 
ponents; test, inspection and 
measurement instruments; and 
electronic imaging systems and 
design services, making it the 
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POSTER PRINTER 


@ 23x 33-in. poster from an 
8/2 X 11-in. document 
@ Can enlarge drawings in ap- 
proximately 70 sec 
The PosterPrinter can generate 
posters as large as 23 x 33-in. from 
8'4x 11-in. documents or smaller. It 
blows up a drawing in approxi- 
mately 70 sec. You simply have to 
insert the original, press a button, 
and the device prints the poster. 
The printer doesn’t require any ink 
or toner; you just snap in a roll of 
printer paper and the unit is ready. 


most important event of its kind 
in the Southeast. 

And this is your last chance 
to see it in Atlanta again before 
1991. With so many new devel- 
opments in electronics, can you 
REALLY afford to miss 
Southcon/89? 

Reserve your copy of the 
Preview Program now by 
writing to: 

Southcon/89 Preview 

P.O. Box 92275 WPC 

Los Angeles, CA 90009- 

22)5 
DO IT NOW!!!! And plan your 
visit to Southcon/89... 

A Southern Tradition. 
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Printer paper is available in 100-ft 
rolls. The selection of roll colors in- 
cludes pink, blue, and yellow paper 
with black images; and white paper 
with orange, red, blue, and black 
images. You can also print banners 
as long as 100 ft. Poster printer, 
$2495; paper roll, $69.95; carrying 
case, $124.95; plastic poster holders 
in packages of 10, $89.95. 
_ Waritronic Systems Inc, 300 In- 
terchange Tower, 600 S County Rd 
18, Minneapolis, MN 55426. Phone 
(612) 542-1531. 
Circle No 421 


TAPE SUBSYSTEM 


® Can store 2.8G bytes of data on 
an 8&-mm video cassette 

@ Front-panel LEDs indicate ECC 
rate 

The CTS-8000 helical-scan tape sub- 

system can store as much as 2.3G 

bytes of data on an 8-mm video ¢as- 

sette. The metal-particle tape in- 


side an 8-mm cartridge has a higher 
coercivity than other magnetic stor- 
age media and is therefore less 
prone to demagnetization from 
stray magnetic fields. The unit uses 
a Reed-Solomon product code for 
error checking and correction. The 
uncorrectable error rate is <1 in 
1018 bits. The unit also features 
front-panel LED readouts that indi- 
cate the remaining tape length and 
the ECC rate for evaluating the 
tape quality. The system can trans- 
fer data at a 256k-bps sustained 
rate and contains a 256k-byte data 
buffer. The unit works with stan- 
dard DEC device drivers and comes 
with a dual-width Q Bus or a quad- 
width Unibus controller card. Ver- 
sions are also available for Apple, 
IBM, and Sun computers. $7495. 
Transitional Technology Inc, 
1411 N Batavia, Suite 208, Orange, 
CA 92667. Phone (714) 744-1030. 
FAX 714-744-2497. 
Circle No 422 


Turn Good 
Ideas Into 


Good Articles 


With EDN’s FREE Writer’s Guide! 


Would you like to get paid for sharing your 
clever engineering ideas and methods with 
your professional colleagues? If so, then send 


APPLE-TO-PC BOARD 


@ Lets an IBM PC/XT or PC/AT 
execute Apple Ile software 
@ Has an Apple-compatible 5'/-in. 
disk-drive port 
The Trackstar E board for the IBM 
PC/XT and PC/AT executes and 
displays Apple Ile software. The 
company claims the board is 98% 
compatible with existing Apple IIe 
software. The 65C02-based board 
has 128k bytes of system memory, 
an Apple-standard 1-MHz clock, a 
40- or 80-column video adapter, an 
Apple-compatible 5’4-in. disk-drive 
port, and Apple Ile- and IIc-com- 
patible game ports. The board lets 
you use the IBM PC hard disk for 


Apple files. It also supports as 


for EDN’s new FREE writer’s guide and learn 
how. 

You don’t need the skills and experience 
of a professional writer. And you don’t need to 
know publishing jargon. All you do need are a 
little perseverance, your engineering skills, 
and the ability to communicate your ideas 
clearly. 

Our new writer’s guide takes the mystery 
and intimidation out of writing for a publica- 
tion. It shows you how to write for EDN using 


skills you already have. Plus, it takes you step- 
by-step through the editorial procedures neces- 
sary to turn your ideas into polished, profes- 
sional articles. 


Get your FREE copy of EDN’s wniter’s 
guide by circling number 800 on the Information 
Retrieval Service Card or by calling 
(617) 964-3030. 
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many as four disk drives for Apple 
ProDOS, as many as two disk 
drives for Apple DOS 3.8, LANs, 
Apple serial and parallel ports, and 
IBM MDA, CGA, and Hercules 
monitors. The board can also trans- 
fer text or binary files between MS- 
DOS and Apple DOS 3.3/ProDOS, 
including spreadsheets. Using two 
keystrokes, you can switch between 
the MS-DOS and the Apple modes. 
$445. 

Diamond Computer Systems, 
470 Lakeside Dr, Sunnyvale, CA 
94086. Phone (408) 736-2000. 

Circle No 423 


DISK CONTROLLER 


@ Connects floppy-disk drives to 

SCST bus 
© Operates with a variety of differ- 

ent media formats 
The CC-102 floppy-disk controller 
card allows you to connect as many 
as four 3'-in. or 5'/-in. floppy-disk 
drives to the SCSI bus. You can 
also use it to interface the drives 
to an RS-282C data link. Incorpo- 
rating a 6809 wP, a 6844 DMA con- 
troller, and a 32k-byte data buffer, 
the board operates at data transfer 
rates of 1.5M bytes/sec on the SCSI 
bus or 38k baud on an RS-232C link. 
When you use it with an RS-232C 
link, firmware provided with the 
board allows you to implement 
checksum-based error-checking rou- 
tines. You can operate the floppy- 
disk drives with a number of media 
formats, including single- or double- 
density modes with sector sizes of 
128, 256, 512, 1024, 2048, or 4096 
bytes. An initialization table, which 
is transmitted to the controller card 
over the SCSI or RS-232C inter- 
face, controls the media format. The 
card’s SCSI interface supports the 
SCSI disconnect/reconnect option 
and has single-ended outputs that 
can drive as much as 6m of cable. 
The CC-102 draws a maximum cur- 
rent of 1.7A from its 5V supply. Gld 
610 (100). 

CompControl bv, Stratumsedijk 
31, 5600 AD Eindhoven, The Neth- 
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erlands. Phone (040) 124955. TLX 
51603. 
Circle No 424 
CompControl Inc, 15466 Los Ga- 
tos Blvd, Suite 109-365, Los Gatos, 
CA 95032. Phone (408) 356-3817. 
TWX 510-601-2895. 
Circle No 425 


IF YOU WRITE IN C, THEN 
YOU SHOULD DEBUG IN C 


Display Variable 
aasigned int iter 


Wee Trece- 4 ea Pen BOE 
made. of25: siguent): 
5 geet 


So emt purist} 


@ trekk Trace = Mixed 


print? ("Sieve of Erastasthenes Yet Peogram\a"): 


The ultimate in time savings is 
obtained when you debug your 
code in the same language it was 
written. Code development is accel- 
erated as constant program print- 
outs are no longer necessary. All 
displays of your program, including 
the real-time trace buffer, are in the 
form you specify, with options for 
Source only, Source and assembly or 
assembly only. Use your favorite C or 
PL/M compiler with our emulation 
system and SourceGate™ to enhance 
productivity of your engineering 
department. If you are working with 
different microprocessors, 
SourceGate provides the same inter- 
face for each, so learning curves are 
almost nonexistent when switching 
between projects or processors. 


HMI enhances this software 
capability with the most advanced 
line of in-circuit emulators on the 
market today. SourceGate runs on all 
IBM PC family computers, Sun Work- 
stations and many Unix systems. 


Medes A A A TR Ea 


jCvele Addr. Data Pat. Status: BA PH IPL FC R Bus Activity 


Supported Processors: 


8051 Family 


68HC11 64180/Z180 


780 68000 Family 
6809 8085 


Now supporting the 68020 
and the 8096/196 family 
and offering Software 
Performance Analysis for 
all units! 

Sun Workstations is reg. TM., Sun Microsystems, Inc. IBM 


is reg. T-M., International Business Machines, Inc. Unix is 
reg. T.M., Bell Laboratories, Inc. 


Vs ent lau digit « of ¢ bo ASCIT hex af i 
SS ERI OE 

TRACE 

Choose A Topic: 

Break Trace Trigger Trace 
Freeze Trace Risassembly Node § GAETE 
Bisase/State fede 
Search Trace Data <5 
Serelling 
Print Trace 
Bus Activity 


/# @-9 becomes ‘8#'-'9° 5 
4% Should he CHP Pee Gg 
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For complete details, contact: 
Huntsville Microsystems, Inc. 
PO. Box 12415, 4040 South Memorial Parkway, Huntsville, AL 35802 


(205) 881-6005 


TWX: 510-600-8258 FAX: 205-882-6701 
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Now You Can Make 
Important Component Selection Decisions 
Faster and Easier 


than You Ever Imagined! 


Larrics 


INTRODUCING CAHNERS Imagine having up-to-date information on Learn more about how CAPS can take the 
more than 400,000 devices from over 250 drudgery out of your component selection 


CAPS. AN ALL-NEW, manufacturers worldwide at your fingertips. process. Call or write: 
PRODUCTIVITY-BOOSTING Think about instantly accessing crisp, clear, 
ENGINEERING TOOL THAT unabridged images of manufacturers’ —— 


datasheets, with the same text, tables, and 


AUTOMATES, ACCELERATES, graphics found in the printed versions. of, 
AND OPTIMIZES THE Consider applying the power of menu- eel | _ 


driven parametric searches that can identify 


SELECTION OF INTEGRATED ICs which conform to your specifications. Cahners Technical Information Service 


CIRCUITS AND This is CAPS. It’s new. It’s different. And it 275 Washington Street 
Newton, Massachusetts 02158-1630 


gives you the information you need to make a 
SEMICONDUCTORS. critical component selection decisions. ee 964-3030 


Available on a subscription basis so it’s always Facsimile: 617-964-5490 

up to date, CAPS comes complete with all Toll Free: 1-800-245-6696 
the hardware and software you need to 

install CAPS on your personal computer. 


CIRCLE NO 27 EDN January 19, 1989 


Facts about 


400,000 


ICs and Semiconductors 
at Your Fingertips 


Cahners CAPS is the newest component 
search and selection tool for electronic 
design engineers: 


e PC-driven, CD-ROM-based 
e Includes unabridged 
manufacturers’ datasheets 


e Represents more than 250 
manufacturers worldwide 


Call Toll Free: 1-800-245-6696 


C AHN ER S 


275 Washington Street 
Newton, MA 02158-1630 


Computer Aided 
Product Selection 


Telex: 940573 


CAPS REPRESENTATIVES 


NEW ENGLAND 
CT, MA, ME, NH, RI, VT 
Betronic Associates, Inc. 
617-894-8400 
UPSTATE NEW YORK 
Ossmann Associates, Inc. 
315-437-7052 
NORTHEASTERN 
NJ, NYC, E. PA 
S-J Associates 
516-536-4242 
CHESAPEAKE 
DC, DE, MD, VA 
Robert Electronic Sales 
301-995-1900 
SOUTHEAST 
AL, FL, GA, MS, NC, PR, SC, TN 
Technology Marketing Associates, Inc. 
407-676-3776 
CENTRAL —- EAST 
IN, KY, MI, OH, W. PA, WV 
SAI Marketing Corp. 
313-750-1922 
CENTRAL - WEST 
MN, ND, SD, W. WI 
High Technology Sales Associates 
612-944-7274 
CENTRAL - NORTH 
E. WI, N. IL 
Technology Sales, Inc. 
312-991-6600 
CENTRAL - SOUTH 
IA, KS, MO, NE, S. IL 
Electri-Rep 
913-649-2168 
SOUTHWEST 
AR, LA, OK, TX 
Bonser-Philhower Sales 
214-234-8438 
ROCKY MOUNTAIN 
AZ, CO, ID, MT, NM, NV, UT, WY 
Zeus Electronics, Inc. 
602-263-6022 
SOUTHERN CALIFORNIA 
Balzer-Wolf Associates, Inc. 
714-261-6877 
NORTHERN CALIFORNIA 
Stewart Fullerton Associates, Inc. 
415-934-8028 
PACIFIC NORTHWEST 
OR, WA 
Seltech, Inc. 
206-746-7970 
CANADA 
R.N. Longman Sales, Inc. 
416-670-8100 
INTERNATIONAL 
Cahners CAPS 
617-964-3030 
FAX: 617-558-4700 
Telex: 940573 
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Telephone: 617-964-3030 


RS232 interface allows 
remote LCD operation 


M@ Densitron’s LCD modules combined with SA series 


interface card provide serial input 


@ Hardware is minimized with simple 3-wire operation 


@ Ideal for PC controlled applications 


M@ Software controlled EL or LED backlight 


@ Baud rates to 9600 


@ Options: 


— Contrast potentiometer for viewing angle control 
— EL power inverter for backlight 
— —5VDC supply for selected modules 


C9) Co coneoran 
CORPORATION 
Information Device Division 
2540 West 237th St. & Torrance, CA 90505 
(213) 530-3530 @ FAX: (G2/G3) 213-534-8419 

TELEX II: 910-349-6200 
EUROPE/UK: (0959) 76600 
A member of Densitron International PLC Group 
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NEW FROM ERICOMP 


he Minimus™ general purpose single- 
board computer is ideal for a realtime 
multitasking control environment. Data 
acquisition is possible through 8 analog 
input channels and 24 digital inputs. 
Control signals are available via 4 analog outputs 


_ Low power (200 mA TYP) m8 channel, 10 Bit 


A/D @ 4 channel, 8 bit D/A @ 48 general purpose 
digital 1/Os m@ 3 programmable timers m 80C188 
Microprocessor (16 bit) il Up to 64K x 8 RAM (32K 
x 8 non-volatile) i Up to 128K x 8 PROM @ Single 
supply (9 to 12V) ml RS232 Interface ml Real time 


**Price subject to change without notice. 


clock/calendar m IBM PC compatible interface 
for coprocessing applications i@ Optional software 
driver package available 


and 24 digital outputs. Analog channel voltage 
ranges can be user configured quickly and easily. 


The Minimus is based around Intel’s 16-bit CMOS 
80C188 microprocessor, which includes two DMA 


channels, three timers, aninterruptcontrolle and os = mmm ERICOMP, INC. 
a Wait state generator. = mmm =—\(0)095 Barnes 

sae geeroe ™ EERICOMPS 
The Minimus is capable of directly communicat- San Diego, CA 


ing with an IBM* PC via its 62 pin edge connector. 92121 


—— | 


DATA ACQUISITION AND DATA PROCESSING 
ON A SINGLE BOARD 


a {Raa 


For More Information or To Place An 
Order, Call 1-800-541-8471. 

(Outside of U.S. Call 
1-619-457-1888), 


MINIMUS'*: 
General Purpose Single Board Computer 


* IBM is a registered trademark of International Business Machines 


495% 
Introductory Price Offer 
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Take any one of these HANDBOOKS 
ELECTRONICS and CONTROL 


® your one source for engineering books from 
over 100 different publishers 


@ the latest and best information in your field 
© discounts of up to 40% off publishers list prices 


Publisher's Price $68.00 


STANDARD HANDBOOK OF 

ENGINEERING CALCULATIONS, 

Second Edition 

By T. G. Hicks 

@ 1,468 pages, 793 illustrations, 499 tables 

@ puts more than 1,100 specific calculation 
procedures at your fingertips 

@ every calculation procedure gives the 
exact, numbered steps to follow for a 
quick, accurate solution 

@ virtually all procedures can be easily 
programmed on your PC or calculator 

© uses USCS and SI units in all calculation 
procedures 


047/790 


Fe 


322/910 
Publishers Price $95.50 
Publisher's Price $110.00 PNTROGe ial 
ANTENNA ENGINEERING Edited by K. B. Benson 
HANDBOOK, Second Edition © 1,478 pages, 1,091 illustrations 


Edited by R. C. Johnson and H. Jasik 

© 1,408 pages, 946 illustrations 

@ covers all types of antennas currently in 
use with a separate chapter devoted 
to each 

@ provides detailed data on physical 
fundamentals, operating principles, design 


@ packed with all the technical information 
today’s engineer needs to design, operate, 
and maintain every type of television 
equipment 

@ extensive coverage of receivers, broadcast 
equipment, video tape recording, video 
disc recording, and the latest 


techniques, and performance data 287/39X technological advances 
© up-to-the-minute information on antenna @ provides television system and industry 
applications standards for the U.S. and other countries 
e a must for those involved in any phase of @ the most comprehensive book on the 
antenna engineering subject of television engineering 
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for only $14.95 —when you join the 


Publisher's Price $85.50 


MODERN ELECTRONIC CIRCUITS 

REFERENCE MANUAL 

By J. T. Markus wl 

© 1,264 pages, 3,666 circuit diagrams e i 

e a handy, desktop reference with 103 4 reasons 7 
chapters organized by “family” grouping ss dav! # fy 

e filled with predesigned and use-tested to join today: a 
circuits to save you production time and 1. Best and newest books from ALL pub- 
money lishers! Books are selected from a wide range of 

@ includes concise summaries of all the publishers by expert editors and consultants to give 
recent applications notes, journal articles, you continuing access to the best and latest books 
and reports on each circuit, efficiently in your field. 
organized and indexed for the practicing 2. Big savings! Build your library and save 
engineer money, too! Savings range up to 40% off pub- 


lishers’ list prices. 

3. Bonus books! You will automatically be eligi- 
ble to participate in our Bonus Book Plan that 
allows you savings up to 70% off the publishers’ 
prices of many professional and general interest 


404/461 


Publishers Price $86.50 books! 

4. Convenience! 14-16 times a year (about once 
STANDARD HANDBOOK FOR every 3-4 weeks) you receive the Club Bulletin 
ELECTRICAL ENGINEERS, FREE. It fully describes the Main Selection and 
Twelfth Edition alternate selections. A dated Reply Card is in- 


cluded. If you want the Main Selection, you simply 
do nothing — it will be shipped automatically. If you 
want an alternate selection — or no book at all — you 
simply indicate it on the Reply Card and return it by 
the date specified. You will have at least 10 days to 
decide. If, because of late delivery of the Bulletin 
you receive a Main Selection you do not want, you 
may return it for credit at the Club’s expense. 


As a Club member you agree only to the purchase 
of two additional books during your first year of 
membership. Membership may be discontinued by 
either you or the Club at any time after you have 
209/758 purchased the two additional books. 


Edited by D.G. Fink and H.W. Beaty 

e 2,416 pages, 1,388 illustrations, 430 tables 

@ the essential reference for all electrical 
engineers 

@ ranges from basic circuits and measure- 
ments to advanced topics, such as power 
distribution and telecommunications 

e fully updated to cover all recent advances 
and developments 

© written and compiled by 115 contributors 
— all experts in their fields 


SR ee ee ee a eee ee 


and handling charge is added to all shipments. EDN 011989 E34011 


|, 


I McGraw-Hill Book Clubs I wish to order the following book: i 
A c/o Susanna Joannidis [_] ANTENNA ENGINEERING HANDBOOK (322/910) é 
; Cahners Publishing Company [] MODERN ELECTRONIC CIRCUITS REFERENCE MANUAL (404/461) : 
275 Washington Street [] STANDARD HANDBOOK FOR ELECTRICAL ENGINEERS, 12/e (209/758) ' 
I Newton, MA 02158-9901 
| [_] TELEVISION ENGINEERING HANDBOOK (047/790) | 
| Blaise enroll ime as-a-wieniber-or the Pleeironics and [_] STANDARD HANDBOOK OF ENGINEERING CALCULATIONS (287/35X) i 
E Control Engineers’ Book Club® and send me the book I ania i 
— have chosen for only $14.95 plus local tax, postage and : i 
g _ handling. I agree to purchase a minimum of two addi- Name § 
8 tional books during my first year as outlined under the | 
: Club plan described in this ad. Membership in the club is Address) Appt. 44@ JJ i 
cancellable by me or McGraw-Hill any time after the two Citv/State/Zi 
5 auaa ity/State/Zip ——__ ng 
i book purchase requirement has been fulfilled. A shipping This order subject to acceptance by McGraw-Hill. Offer good only to new members. Foreign member acceptance subject to special conditions. i 
all 
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PC-BOARD ROUTER 


®@ Simultaneously routes 1 to 250 
layers 
@ Allows trace width and spacing 
of 1 mal 

The HiWire-Plus Autorouter is a 
rip-up-and-reroute, gridless, via- 
minimizing, multilayer, IBM PC- 
based autorouter. It lets you make 
trace-specific design rules; for ex- 
ample, you can tell the autorouter 
to route power networks with 21- 
mil width and 11-mil spacing, some 
signal traces with 12-mil width and 
8-mil spacing, and other signal 
traces with 5-mil width and 5-mil 
spacing. HiWire-Plus Autorouter 
completes board routing; it lets 
traces cross each other and violate 
other design rules during the early 
stages of routing. In subsequent 
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phases of routing, Autorouter opti- 
mizes, rips up, and reroutes vias for 
each network. During the final 
passes, the router centers traces in 
the routing channels and further op- 
timizes vias. For critical traces, you 
can prewire before starting the 
autorouter. To operate the HiWire 
Plus Autorouter, you need the 
HiWire Plus CAD package and an 
IBM PC/XT, PC/AT, or PS/2 with 
640k bytes of RAM. A utility pro- 
gram can translate FutureNet, Or- 
CAD, Schema, and Tango netlists; 
Algorex, Cadnetix, and SciCards 
netlist translators are being devel- 
oped. $895. 

Wintek Corp, 1801 South St, 
Lafayette, IN 47904. Phone (317) 
742-8428. FAX 317-448-4823. 

Circle No 385 
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PARAMETER EXTRACTOR 


@ Lets you graphically compare 
modeled results with original 

e@ Lxtracts FET parameters 

The Xtract program performs lin- 

ear and nonlinear modeling charac- 

terization of microwave and RF 

GaAs FETs. The vendor’s AnaCat 

computer-aided test program col- 

lects measurement data that Xtract 
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HOW TO AVOID ENDLESS HOURS OF 
WASTED DSPAND COMMUNICATIONS 
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DESIGN TIME. 
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uses to perform FET modeling 
characterization. From this data, 
Xtract generates transistor charac- 
terization files for a proprietary 
Bias-Dependent Transistor model. 
Xtract also supports other FET 
models to augment model extrac- 
tion performance. The program’s 
comparison feature lets you verify 
the quality of modeled results. You 
can use Xtract to simulate large sig- 
nal microwave performance and 
generate s-paramenters and dc 
voltage characteristics of the FET. 
Xtract runs on Apollo, Sun, and 
DEC hardware as well as HP 9000 
Series 300, and IBM PCs running 
MS-DOS, PC-DOS, and OS/2. The 
software includes AnaCat Version 
1.2; the Xtract program; an FET 
kernel; and training, which covers 
one FET extraction. From $34,500. 
EEsof Inc, 5795 Lindero Canyon 
Rd, Westlake Village, CA 91362. 

Phone (818) 991-7530. 
Circle No 386 


SCHEMATIC EDITOR 


@ Comes with a netlist generator 
and a screen editor 
@ Includes hundreds of library 
parts 
SuperCAD is a low-cost, schematic- 
entry package that runs on an IBM 
PC or compatible with 320k bytes 
of RAM, an IBM CGA, EGA, or 
Hercules graphics card, a Microsoft 
mouse, and DOS 2.0 or higher. In 
addition to the schematic editor, it 
comes with a netlist generator, a 
library-parts builder, and an ASCII 
screen editor. The parts libraries 


are organized into five categories: 
generic (TTL and CMOS), memory, 
microprocessors, PLDs, and DSP 
chips. A library of package outlines 
makes it possible to perform rudi- 
mentary board layout with the 
schematic editor. Menus covering 
about 40% of all commands are vis- 
ible at all times, and other com- 
mands are accessible via pull-down 
or pop-up menus. Regardless of 
page size, SuperCAD allows you to 
view the entire schematic and zoom 
in on a small portion. Further, func- 
tion-key operations include undraw 
last object, recenter schematic, tog- 
gle-mouse mode, and redraw 
screen. The basic package supports 
narrow- and wide-carriage Epsom/ 
IBM-compatible dot-matrix print- 
ers and can print A- through E-size 
pages in high or low resolution. $99. 
Mental Automation Inc, 5415 
136th Pl SE, Bellevue, WA 98006. 

Phone (206) 641-2141. 
Circle No 387 


START BY SPENDING 
5 MINUTES WITH US 


© 1989 Comdisco Systems, Inc. 


test as many alternatives as you wish — quickly, easily, 
painlessly. 

Don’t waste a minute more. Arrange for a video 
demonstration of SPW today by calling 415-421-1800. 


COMDIICO 


Our SPW™demonstration video can quickly show 
you how the Signal Processing WorkSystem™ from 
Comdisco Systems is the only comprehensive, inte- 
grated software that lets you graphically and interac- 
tively design, simulate and test digital signal processing 
and communications systems. 

From single-chip designs all the way to complete SYSTEMS,INC 


systems, SPW automates the design cycle and lets you 101 California Street, San Francisco, CA 94111 
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TOUCHSCREEN TOOL 


®@ Works with IBM PC-based appli- 
cations programs 
® Compatible with an IBM VGA, 
EGA, and CGA 
TouchUp is an applications develop- 
ment package that you can use to 
create new applications packages 
and to upgrade existing packages 
that don’t include touchscreen capa- 
bility. The TouchUp program 
“takes pictures” of applications 
screens you’ve built with your 
graphics program. You can then 
transfer these screens to TouchUp 
and create touch zones by touching 
touch-zone boundaries. Further, 
the software automatically gener- 


ates touch-location tables. You can 


use TouchUp with such program- 
ming languages as C, Pascal, and 
assembly language. It provides two 
copies of the output: a machine- 
readable copy for your hardware 
and a human-readable copy for you. 
The touchscreen development kit 


Holt Foundry Services 


HOLT IS 
LOOKING 
FOR SOME 
CUSTOMERS 
IN A HURRY. 


When you can't wait for wafer foundry ser- 
vices, you need Holt. We can produce finished 
MOS wafers from your masks in as little as 10 days. 

Our fast, personal service cuts turnaround time but 
not quality, our systems meet the demanding requirements 
of MIL-Q-9858A. We're also competitively priced. In fact, 


requires an IBM PC/XT, PC/AT, or 
compatible; 640k bytes of RAM; and 
the vendor’s touchscreen. $99. 
Elographics, 105 Randolph Rd, 
Oak Ridge, TN 37830. Phone (615) 
482-4100. TLX 350348. 
Circle No 388 


@ Use less than 12k bytes of RAM 
@ Support Novell’s Netware 

The Windows Workstation is a fam- 
ily of local-area-network utilities for 
users of Microsoft’s Windows. Win- 
dows Menu is an applications organ- 
izer that provides a seamless inter- 


face for sharing Windows-compat- 
ible applications over the network. 
Windows Menu allows you to build 
colorful custom menus, using sub- 
menus, multiple levels of password 
protection, and context-sensitive 
help messages. Windows Print per- 
mits access to all Netware printing 
resources from within the Windows 
environment. Secure Station pro- 
vides security and privacy to appli- 
cations without making you leave 
Windows or log off; you can lock 
your workstation to prevent tam- 
pering or viewing while applications 
run in the background. Screen 
Saver prevents images from burn- 
ing into the CRT, and Windows In- 


tercom delivers messages to the 
workstation. Windows Menu and 
Windows Print, $1195. 

Automated Design, Windows 
Resource Center, 133 Johnson 
Ferry Rd, Suite 112, Atlanta, GA 
30068. Phone (404) 988-0969. 
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eR 
Be An Author! 


When you write for EDN, you earn professional 
recognition. And you earn $75 per published 
magazine page. 


EDN publishes how-to design application 
information that is read by more than 137.300 
electronics engineers and engineering manag- 
ers worldwide. That’s an audience that could 
belong to you. 


If you have an appropriate article idea, send 


your proposal and outline to: John Haystead, 
275 Washington Street, Newton, MA 02158-1630. 


For a FREE EDN Writer’s Guide—which in- 
cludes tips on how to write for EDN and other 
technical publications—please circle number 
800 on the Information Retrieval Service Card. 


we even fill orders for large Far East companies. 
Find out how Holt can save you time and money. 

Hurry and call us toll free at 1-800-222-HOLT, or 

1-800-843-7744 (In CA). Holt 

Integrated Circuits, Inc., 9351 ae 

Jeronimo Rd., Irvine,CA 92718. INTEGRATED CIRCUITS 


We're Looking for Some Tough Customers. 


EIDIN 


First in Readership among Design Engineers and 
Engineering Managers in Electronics. 
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MICRO-LOGICII. 


Spectrum Software’s MICRO-LOGIC II® puts 
you on top of the most complex logic design 
problems. With a powerful total capacity of 
10,000 gates, MICRO-LOGIC II helps engi- 
neers tackle tough design and simulation 
problems right at their PCs. 
MICRO-LOGIC II, which is based on our 
original MICRO-LOGIC software, is a field- 
proven, second-generation program. It has 
a high-speed event-driven simulator which is 
significantly faster than the earlier version. 


x AtEdit analysis values 
niet E:Edit nodes monitored 


Timing Simulator 


The program provides you with a top-notch 
interactive drawing and analysis environ- 
ment. You can create logic diagrams of up 
to 64 pages with ease. The software fea- 
tures a sophisticated schematic editor 
with pan and zoom capabilities. 
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Uview grid 
G Gridlock 
fife token 


Shape Editor 


A 200-type library of standard parts is 
at your fingertips. And for a new high in 
flexibility, a built-in shape editor lets you 
create unique or custom shapes. 

MICRO-LOGIC II is available for the IBM® 
PC. It is CGA, EGA, and Hercules® com- 
patible and costs only $895 complete. An 
evaluation version is available for $100. 
Call or write today for our free brochure 
and demo disk. We'd like to put you in 
touch with a top digital solution. 


@ Total capacity of 10,000 gates 

M Integrated schematic editor 

™@ Fast assembly language routines 

@ Standard parts library of 200 types 
@ Event-driven timing simulator 


CIRCLE NO 75 


The CAE tool with a 10,000-gate 
or for your PC. 


@ Built-in shape editor 
M@ Multiple delay models 
@ Printer and plotter hard copy 


“i Simlate 


1:Print drawing 

2:Print reports 

3:Plot drawing } 
ER) 


1021 S. Wolfe Road, Dept. E 
Sunnyvale, CA 94087 


(408) 738-4387 


MICRO-LOGIC II is a registered trademark 
of Spectrum Software. 


Hercules is a registered trademark 
of Hercules Computer Technology 


IBM is a registered trademark 
of International Business Machines, Inc. 
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RELIABILITY TOOL 


® Based on MIL-HDBK-217E 
® Generates customized reports 
The Reliability Prediction Pro- 
gram, RPP-V-3.1, is an interactive 
program that presents component 
failure rates when you enter data 
through form-fill menus. You can 
enter your own generic parts data 
or you can use the data from librar- 
ies. Further, you can set defaults 
for the quality level of all parts, for 
junction temperature of ICs, and 
for the voltage applied to transis- 
tors and diodes. Editing features let 
you make changes and replicate and 
export data. RPP-V-38.1 runs on 
DEC VAX computers under VMS 
4.6 or higher. Optional features in- 
clude a batch-loader program and 
a component stress-analysis pro- 
gram. The standard Reliability Pre- 
diction Program includes library 
maintenance and global-change fea- 
tures and comes with a 30-day 
money-back guarantee. First-year 
charge for the basic program, from 
$6000; annual renewal charge, 20% 
of the first-year charge. 

Powertronic Systems Inc, Box 
29109, New Orleans, LA 70189. 
Phone (504) 254-0383. 
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RISC TOOL SET 


@ Includes hardware-development 
prototy per 
@ Provides C compiler, source-level 
debugger, and cross-assembler 
The 29000 RISC Support Tools 
package contains software develop- 
ment tools that work in conjunction 
with the vendor’s Adapt29K_ hard- 
ware-development and prototyping 
tool for AMD’s 29000 RISC proces- 
sor. The package consists of a C 
compiler, a source-level debugger, 
and a cross-assembler. The C29K 
is a globally optimizing C compiler 
that conforms to the proposed 
ANSI C standard and includes run- 
time libraries, an assembler, a link- 
ing loader, and an object-module li- 
brarian. The XRay29K debugger 
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lets you set breakpoints at C state- 
ments or line numbers, or at assem- 
bly-language instructions or mem- 
ory references. The Step29K cross 
assembler is a relocating macroas- 
sembler, which comes with a linking 
loader, object-module librarian, and 
math support. Both the debugger 
and the cross-assembler run on a 
variety of host computers such as 
IBM PCs and compatibles, engi- 
neering workstations, and VAX 
minicomputers. You can download 
object files to the 29000 target in 
hex formats and other structures 
via a serial link. The Adapt29K 
hardware prototyper provides a 
4096 x 128-bit trace buffer that cap- 
tures 29000 bus signals at speeds 
as high as 40 MHz. ROM-resident 
monitor software in the Adapt29K 
lets you set and display registers, 
disassemble and display captured 
bus activity, and trace instruction 
execution in single or multiple 
steps. XRay29K source-level de- 
bugger, $1780; Step29K cross-as- 
sembler, $1000; Adapt29K proto- 
typer, $8500; C29K compiler, $1850; 
29000 RISC Support Tools package, 
$12,130. 

Step Engineering, Box 3166, 
Sunnyvale, CA 94088. Phone (408) 
733-7837. FAX 408-773-1073. 

Circle No 391 


PC-BOARD DESIGN TOOL 


@ Features layout editor, router, 
and board-analysis program 

® Generates photoplot image 
Scepter PCB is a pc-board produc- 
tion tool suitable for use with multi- 
layer analog, digital, and surface- 
mount boards. The layout editor 
lets you define component libraries, 


designate digital and analog pack- 
ages, and assign I/O pins without 
the use of text files. The program 
can place as many as 2000 schematic 
elements automatically and imposes 


no limit on the number of compo- 


nents you place manually. Scepter 
PCB can route as many as 5000 sig- 
nal nets automatically or 64,000 
nets interactively; it can accommo- 
date packages with as many as 2000 
pins and can display and edit as 
many as 50 layers at one time. The 
Graphical Routing-Feasibility 
Analysis program uses colors to in- 
dicate routing density, allowing you 
to quickly identify those areas on 
the board where potential routing- 
disconnects may occur. The design- 
rule checker not only identifies 
trace-to-trace spacing, but also ex- 
amines all graphics primitives and 
identifies violations. For example, 
it accurately calculates clearances 
around tapered polygons and identi- 
fies traces that may be shorted by 
any text or logos that are present 
on the board. $19,999 to $29,999. 
Royal Digital Scepter Systems, 
2855 Kifer Rd, Santa Clara, CA 
95051. Phone (408) 980-9492. 
Circle No 392 


DEBUGGER 


@ Works with Cobol, C, Fortran, 
and other languages 
@ Lets you debug mixed-language 
programs 

CodeWatch is an _ interactive, 
source-level debugger that you can 
use with any of the vendor’s lan- 
guage compilers running on 80386- 
or 680X0-based machines under 
Unix or Xenix. The debugger lets 
you track variables in the source 
code, set breakpoints, control exe- 
cution, and perform all common de- 
bugger functions. Further, you can 
use the debugger with programs 
that embody routines written in 
more than one language. A macro 
feature lets you create customized 
debugger commands that you can 
use interactively or from a com- 
mand file. Action lists let you group 
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several debugger commands into a 
unit for execution at a breakpoint, 
at each step, or at tracepoints. 
From $495 to $2495, depending on 
the host configuration. 

Language Processors Inc, 959 
Concord St, Framingham, MA 
01701. Phone (508) 626-0006. 
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NOISE CALCULATOR 


@ Uses two methods to calculates 
op-amp noise 
@ Runs on IBM PCs and compa- 
tibles 
Noise. Exe, a general-purpose pro- 
gram that calculates noise in op- 
amp circuits, takes into account 
both noise due to the source resis- 
tors and noise due to op-amp pa- 
rameters. The program runs on any 
IBM PC or compatible and is com- 
pletely menu-driven. It prompts 
you for all information it needs, but 
if you don’t supply op-amp parame- 


ters, it uses built-in default values. 
The program optimizes the source 
impedance for your application and 
generates a table of the vendor's 
op-amps that will meet your re- 
quirements. The program is avail- 
able from the vendor at no charge. 
Linear Technology Corp, 1630 
McCarthy Blvd, Milpitas, CA 
95035. Phone (408) 4382-1900. FAX 

408-434-0507. 
Circle No 394 


MODELING LANGUAGE 


@ Lets you formulate optimization 
problems 

@ Jncludes error-checking and - 
reporting features 

GAMS (General Algebraic Model- 

ing System) is a high-level program- 

ming language that lets you formu- 

late complex optimization problems 

by means of concise algebraic state- 

ments. When constructing models, 

you can use arithmetic and rela- 


ae 


Non-contact Current Sensors | 


ponices wecuamouessAcENevE 1 ECL 


CIRCLE NO 31 


EDN January 19, 1989 


Robotics, Industrial Drives, Railways, 
U.P.S., Welding Machines 


COUNT on LEM MODULES | 


Need a low profile I/O connector system you can plug in and 
forget? Take a look at Compu-Shield. It’s a fully modular system of 
demonstrated reliability, featuring a proven contact system. Contacts 
are on .050 in. centers, with 360° shielding against EMI/RFI for data 
busing. Selective gold plating in the contact area maximizes con- 
ductivity while keeping costs down. The spring contacts are totally 
enclosed and tension pre-loaded. 

The installer and user friendly Compu-Shield connector system 1s 
available as separate units, or as complete cable assemblies to your 
precise specifications. Call or write today for full details. 


VIKING 


COMPU-SHIELD CONNECTOR SYSTEM 
21001 Nordhoff St., Chatsworth, CA 91311 ¢ (818) 341-4330 


tional operators, indexing, func- 
tions, and exception-handling logic. 
You can enter data in basic forms, 
either by direct assignment or in 
table form. You can specify data 
transformations in algebraic form, 
and the program will perform the 
calculations. The complete package 
consists of the GAMS compiler, 
which has extensive error-checking 
and -reporting facilities and built-in 
report-writing features; the solver 
Minos for large linear and nonlinear 
problems; and the solver Zoom-XP 
for mixed-integer problems. PC 
version, $1600; workstation ver- 
sion, $3200; mainframe version, 
$6400. 

The Scientific Press, 507 Sea- 
port Ct, Redwood City, CA 94063. 
Phone (415) 366-2577. 
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2-GHz DATA SOURCE 


® Generates 64-bit programmable 
words 
© Produces 127-bit pseudo-random 
patterns 

The DG3020 digital data generator 
produces programmable patterns 
with lengths from 2° to 26 bits. You 
can create the patterns via the front 
panel or download them through an 
RS-232C port. The generator can 
also produce 127-bit pseudo-random 
bit sequences and store 10 data pat- 
terns and ten clock frequencies. 
Based on a programmable phase- 
locked loop synthesizer, the clock 
operates from 50 MHz to 2 GHz. 
Output amplitude varies from 0.5 
to 2V, and you can adjust base-line 
offset from —2 to +1V. Rise and 
fall times are 180 psec typ, jitter is 
<50 psec, and output impedance is 
500. The instrument also produces 
four additional ECL-compatible 
outputs, each shifted in phase by 4 


clock period. $24,000. Delivery, 8 
to 12 weeks ARO. 
Microwave Logic, 2 Evergreen 


Rd, Natick, MA 01760. Phone (508) 
655-6088. FAX 508-663-1573. 
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HANDHELD DSO 


®@ Provides two floating-input chan- 
nels with 10-MHz bandwidth 

@ Weighs 4’/2 lbs 

The 222 digital-storage oscilloscope 
(DSO) has a 10-MHz bandwidth and 
is small enough to fit in your tool- 
box. With its built-in battery, the 
scope weighs 4'4 lbs and measures 
32x 6'4X 10 in. Each of the two y- 
axis inputs is ohmically isolated 
from the other input and the chas- 
sis. The scope samples to 8-bit pre- 
cision at 10M samples/sec; at fast 
Sweep speeds, it automatically 
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switches to equivalent time sam- 
pling. Despite its small size, the 222 
incorporates many conveniences 
found in full-size DSOs—for exam- 
ple, storage and recall of control 
setups. An RS-232C port allows you 
to control the scope from a remote 
terminal or computer and lets you 
upload captured waveforms. $2350. 
Tektronix Inc, Box 1700, Beav- 
erton, OR 97075. Phone (800) 426- 

2200. 
Circle No 401 


8'’2-DIGIT DMM 


@ Measures with +0.0004% accu- 
racy and +0.0001% stability 

@ Accommodates 4-pole, 20-chan- 
nel scanner 

The 6048 8'4-digit DMM uses multi- 

ramp integration in its A/D con- 

verter to achieve +0.0004% meas- 

urement accuracy and +0.0001% 

stability. The instrument makes 


full-scale voltage measurements 
from +0.2 to +1000V and uses a 
4-wire technique to make full-scale 
resistance measurements from 
2000 to 200 MQ. The meter can ac- 
commodate a 4-pole, 20-channel 
scanner and has firrnware that in- 
cludes computational routines to fa- 
cilitate electronic calibration, self 
testing, and temperature measure- 
ment. An IEEE-488 interface is 
standard equipment. $5300. 

Hart Scientific, Box T, Provo, 
UT 84603. Phone (800) 488-4278; in 
UT, (801) 375-7221. FAX 801-373- 
8184. 

Circle No 402 
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NS32CG16 EMULATOR 


®@ Connects to IBM PC/AT host via 
SCSI bus 
@ Includes 512k bytes of emulation 
RAM 
The NSS-ISE-CG16 hardware and 
software emulator interfaces to an 
IBM PC/AT or compatible host via 
a SCSI bus. It works with the ven- 
dor’s NS32CG16 32-bit printer/ 
display processor and supports tar- 
get systems containing NS32081 or 
NS32381 floating-point units and 
systems with the DP8510 bit- 


aligned, block-transfer (Bit BLT) 
processing units. The emulator in- 
cludes 512k bytes of overlay RAM, 
which you can expand to 1M byte. 
It supports two hardware break- 
points based on any of 16 predefined 
events. In addition, there are 36 
software breakpoints. The emulator 
also supports selective tracing and 
triggering by events; the trace 

buffer is 2k frames deep. $16,248. 
National Semiconductor -Corp, 
Box 58090, Santa Clara, CA 95052. 
Phone (408) 721-8219. TLX 346353. 
Circle No 403 


COMPONENT TESTER 


@ Measures component parameters 
at three test frequencies 

e Has an optional IEEE -488/RS- 
232C remote-control interface 

At test frequencies of 100 Hz, 1 

kHz, or 10 kHz, the 6421 component 

tester measures inductance, capaci- 

tance, resistance, dissipation factor, 


and Q-factor with 0.2% accuracy. 
The instrument displays measured 
values to 4-digit resolution and 
prompts the operator when meas- 
urements are made outside recom- 
mended measurement conditions. 
Standard features include auto- 
matic recognition of component 
type; series or parallel equivalent- 
circuit modes; a 4-terminal, integral 


TANTALUM CHIP CAPACITORS 
FOR SURFACE-MOUNT DEVICES 


CIRCLE NO 33 
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Here’s a low cost, high density commercial connector that’s 
really rugged and reliable. Made of high impact thermoplastic, 
its excellent strength-to-weight ratio offers optimum durability. 
There’s no corrosion to worry about, and it’s UL and CSA 
approved. Available in bulkhead or square flanges, it 1s quick 
and easy to mount. The light weight, compact and quick connect/ 
disconnect features make it easy to work with. 

For reliable connection at an attractive price, call or write and 
ask for our free Thorkom Circular Connector catalog. 


VIKING 


THORKOM CIRCULAR CONNECTORS 
21001 Nordhoff St., Chatsworth, CA 91311 ¢ (818) 341-4330 
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test fixture; 2V biasing to test elec- 
trolytic capacitors; and a zeroing fa- 
cility that allows you to compensate 
stray capacitance in external test 
leads. Optional accessories include 
component test leads with Kelvin 
clips, probes for handling surface- 
mount devices, and BNC connector 
adaptors. An interface option that 
provides the instrument with 


ideas clearly. 


professional articles. 


Get your FREE copy of 
EDN’s writer’s guide by 
circling number 800 on 
the Information Retrieval 
Service Card or by calling 
(617) 964-3030. 
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Turn Good 
Ideas Into 


Good Articles 


With EDN’s FREE Writer’s Guide! 


Would you like to get paid for sharing your clever 
engineering ideas and methods with your professional 
colleagues? If so, then send for EDN’s new FREE 
writer’s guide and learn how. 

You don’t need the skills and experience of a profes- 
sional writer. And you don’t need to know publishing 
jargon. All you do need are a little perseverance, your 
engineering skills, and the ability to communicate your 


Our new writer’s guide takes the mystery and 
intimidation out of writing for a publication. It shows 
you how to write for EDN using skills you already have. 
Plus, it takes you step-by-step through the editorial 
procedures necessary to turn ores - into polished, 


JE EE-488 and RS-232C interfaces, 
and software that allows you to log 
and analyze measured values on a 
PC are also available. £745. 

Prism Electronics Ltd, Burrel 
Rd, Industrial Estate, Saint Ives, 
Huntingdon, Cambridgeshire PE17 
ANF’, UK. Phone (0480) 62225. TLX 
32308. FAX 0480-494047. 
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647180X EMULATOR 


® Connects to IBM PC or compat- 
ible via RS-282C port 
@ Includes 80k bytes of full-speed 
static overlay RAM 

The 647180X IceAlyzer supports 
Hitachi’s 647180X 8-bit, single-chip, 
microcontroller, which uses the 
Z80’s achitecture and includes 16k 
bytes of one-time programmable 
ROM. The emulator provides 80k 
bytes of static overlay RAM. Of this 
memory, 16k bytes are write pro- 
tected during emulation to accu- 
rately imitate the PROM on the wC 
chip. The emulator also includes a 
real-time trace buffer; it displays 
the buffer’s contents disassembled 
in 647180X mnemonics. A mask 
register lets you select addresses to 
be included in a trace. A software 
performance analyzer is standard; 
at any time, you can instruct the 
analyzer to display the amount of 
time spent executing a particular 
area of the program. $5995; source- 
level debugger, $750. 

Softaid Inc, 8930 Rte 108, Co- 
lumbia, MD 21045. Phone (800) 433- 
8812; in MD, (801) 964-8455. TLX 
650-265-2092. 
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UNIVERSAL SOURCE 


® Generates dc, ac, and arbitrary 
waveforms 
@ Provides voltage and current 
with 6’/2-digit resolution 
The HP 3245A combines a bipolar 
de voltage/current source with an 
arbitrary-waveform generator that 
has a 4.3-MHz sample rate and pro- 
duces 1-MHz waveforms. You can 
set the de outputs with 6’4-digit 
precision. Maximum voltage is 
+10.25V and maximum current is 
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+100 mA. You can define wave- 
forms with as many as 2048 points 
and store multiple waveforms in 
nonvolatile RAM. An optional soft- 
ware package includes a library of 
standard waveforms and facilitates 
waveform definition, capture, modi- 
fication and playback. With one 
channel, $4200; with two channels, 

$6700; software, $400. 
Hewlett-Packard Co, 19310 Pru- 
neridge Ave, Cupertino, CA 95014. 

Phone (800) 752-0900. 
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FUNCTION GENERATOR 


@ Provides synthesized outputs 
from 0.002 Hz to 20 MHz 
e Ensures accuracy with 5-sec self- 
calibration process 

The 288 ruggedized function gen- 
erator features synthesized-fre- 
quency outputs from 0.002 Hz to 
20 MHz. An automatic calibration 
routine, which you can invoke from 
the front panel, takes five sec to 
perform 40 adjustments. The unit 
produces a continuous or a trig- 
gered output and can amplitude or 
frequency modulate its output. The 
generator can also produce a swept- 
frequency output and can phase 
lock its frequency to a 20-Hz to 20- 
MHz signal that you supply. You 
can set the output impedance to 50, 
75, 185 or 600 and obtain either 
a single-ended or a balanced output. 
You can set the output amplitude 
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from 1 mV to 380V p-p with 3-digit 
precision and set the symmetry of 
any waveform from 5 to 95%. At 
100 kHz, frequency accuracy is 
0.01% and sine-wave distortion is 
0.5%. $3295. 

Wavetek San Diego Inc, 9045 
Balboa Ave, San Diego, CA 92123. 
Phone (619) 279-2200. 

Circle No 407 


POWER METER 


@ Handles nonsinusoidal voltage 
and currents 

@ Analyzes the harmonic content of 
current waveforms 

Suitable for use on distorted wave- 

forms with a crest factor as high 

as 20:1, the PM1000 ac power ana- 

lyzer measures ac power, VA, 

power factor, rms voltage, and rms 


Programmable Linear 


Phase Filters for 


A/D 


Prefiltering Applications 


848DOW Series 
Combines 
Constant Delay 
of a Bessel Filter 
With The Sharp 
Attenuation of a 
Butterworth Filter. 


Features: 

¢ 8 pole, 6 zero linear 
phase lowpass filters 

¢ Digitally 
programmable 
corner frequency 

¢ 8 bit (256:1) tuning ratio 

¢ Internally latched control 
lines to store frequency 
selection data 

e Linear phase response to 
minimize phase distortion 

¢ Sharp roll-off for anti-aliasing 


¢ Plug in, ready to use, fully finished, 


filter module 


¢ Five frequency ranges to 51.2kHz 
Other Filter Products available: 


{ Ez 
848P8DOW80-S3 
10-8.56KHZ2Z 


Anti — Aliasing \Filter 


¢ Elliptic * Programmable * Fixed Frequency 


¢ Instrumentation * Custom Designs 


For more information, 
please call us at 
508-374-0761 


FREQUENCY 
NDEVICES § 


25 Locust Street 
Haverhill, MA 01830 
(508) 374-0761 
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current. It can handle rms input 
voltages ranging from 2 to 700V and 
rms input currents from 20 mA to 
20A. You can extend the input- 
current capability beyond 1000A by 
means of an optional precision cur- 
rent transformer. The instrument 
has a basic voltage accuracy of 
0.25%, a current accuracy of 0.5%, 
and a power-measurement accuracy 


into reality. 


The fact is, the state-of-the-art in LCDs is 
changing rapidly. And we at Optrex are 


largely responsible for that change. 
So nobody knows more about LCDs 


and new product applications than we 
do. And no one can offer you stronger 


engineering support, better quality, 
higher reliability, better delivery, or 
better service. 

The fact is, we're the largest supplier 
of LCDs in the world. And we're cost- 
competitive worldwide, too. 

So if you're looking for new product 


support or existing product improvement 


in LCDs, you now know who to call: 
Optrex: (313) 355-2100. 


OPTREX 


Asahi Glass/Optrex 
26533 Evergreen Road, Suite 533, Southfield, Ml 48076 


your bright new idea 


of 0.8%. Its frequency range ex- 
tends from de to 20 kHz. By per- 
forming an FFT analysis, the 
PM1000 can also analyze the har- 
monic content of an ac current 
waveform, allowing you to assess 
the effectiveness of line-current dis- 
tortion-correction circuitry. You 
can also use the instrument to cap- 
ture the transient in-rush current 
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that flows into a load when it is 
switched onto an ac supply. £880. 
Voltech Instruments Ltd, Step 
Centre, Osney Mead, Oxford OX2 
OES, UK. Phone (0865) 728959. 
FAX 0865-241386. 
Circle No 408 
Voltech Inc, 10 Cochituate St, 
Natick, MA 01760. Phone (508) 655- 
7987. FAX 508-655-7984. 
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VXI BUS COMPUTER 


@ Functions as 80386-based PC 
e Has floppy and hard disks and 

640 X 480-pixel graphics 
The EPC-2 is a complete 80386- 
based personal computer in a dou- 
ble-width, C-size VXI Bus (VME 
Bus extensions for instrumentation) 
module. The plug-in unit includes 
a 1.44M-byte 3'-in. floppy-disk 
drive, a 40M-byte SCSI-interfaced 
hard disk, a CRT controller that 
conforms to the VGA (video graph- 
ics array) standard, a parallel port, 
two RS-232C serial ports, a key- 
board port, and an IEEE-488 port. 
The unit can combine the functions 
of a system controller, a VXI slot 
0 device, and an IKEE-488 bus con- 
troller. In a package called the 
EPC-2000, the vendor includes a 
keyboard, MS-DOS 3.8, Windows/ 
386, a link for migration of pro- 
grams from a PC to the EPC-2, and 
a group of software packages collec- 
tively called EPConnect 2.0. 
EPConnect defines a human inter- 
face and a program interface to the 
VXI Bus. It provides both develop- 
ment and run-time support. EPC- 
2000, $9550. 

Radix Microsystems Inc, 19545 
NW Von Neumann Dr, Beaverton, 
OR 97006. Phone (800) 950-0044. 
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1888-188 


Scientific and 
engineering PC software 


The vendor’s 20-pg catalog provides 
a tutorial for PC-based data acquisi- 
tion and analysis. The publication 
describes both menu-driven and 
fully programmable software pack- 
ages for analysis, statistics, graph- 
ics, and data acquisition, and for in- 
strument interface and control. 
Further, it provides a list of sub- 
jects and applications that use the 
company’s products. Comparison 
charts of all products are included. 
The catalog also explains the com- 
pany’s training and support serv- 
ices. 

Asyst Software Technologies 
Inc, 100 Corporate Woods, Roches- 
ter, NY 14623. 

Circle No 430 


Updated version of 

built-in testability 

The 2nd edition of Design to Test 
features expanded guidelines for 
LSI/VLSI Gneluding ASICs) de- 
vices; expanded coverage of mer- 
chant-semiconductor-device usage 
at board level; new coverage of 
boundary-scan and testability buses 
and built-in test techniques; and ex- 
panded coverage in the analog, 
checklist, mechanical, and test tech- 
niques and strategies chapters. The 
book is more than 350 pages long 
with at least 100 pages of new infor- 
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mation and contains approximately 
250 illustrations and tables. The 
vendor offers a 10-day approval pe- 
riod. $195; prepaid orders, $175.50. 
Logical Solutions Technology 
Inc, 310 W Hamilton Ave, Suite 101, 

Campbell, CA 95008. 
INQUIRE DIRECT 


Brochure depicts fixed 
and mobile test equipment 


The vendor’s 6-pg brochure de- 
scribes the 1400 Test Facility in its 
three configurations—mobile, rack- 
mount, and desk-top. The pamphlet 
also discusses the chassis, modules, 
and option cards that are available 
for use with the test facility. A 
separate section summarizes infor- 
mation about the various test in- 
struments that can be mounted 
with a 1400 Test Facility. 

ADC Telecommunications Inc, 
4900 W 78th St, Minneapolis, MN 
55485. 
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Component test system for 
data-conversion devices 


Published in the last quarter of 
1988, the company’s Product Cata- 
log for LTS-2020 Series of Compo- 
nent Test Capabilities deals with 
the LT'S-2020 benchtop component 
test system, wnich tests linear and 
data-conversion devices, and both 
ac and de digital and discrete com- 


1988 PRODUCT CATALOG 


Jor 
LTS-2020 Series of Component T est Capabilities 


the Renchomerk ia Guabity Testing 


Caoevices 


Cormpanent Test Systems Divisian 


ponents. The publication describes 
the LTS system configuration, con- 
sole specifications and features, and 
the LTS-2020 development station. 
An options and supplies section lists 
peripherals, family boards, socket 
assemblies, software, interface 
equipment, and documentation. 
The book includes specifications, 
diagrams, photographs, and charts. 

Analog Devices, 181 Ballardvale 
St, Wilmington, MA 01887. 
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Wide choice of adhesives, 
gasketing, and sealants 


The vendor’s 60-pg catalog contains 
information about materials for 
bonding; gasketing; pipe, thread, 
and hydraulic sealants; retaining 
cylindrical assemblies; threadlock- 
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ing devices; electronic assembly 
aids; solvents, primers, and activa- 
tors; dispensing systems; and main- 
tenance and repair of equipment. A 
variety of the products offered meet 
military specifications, as well as 
standards set by USDA, USP Class 
VI for medical applications, Under- 
writers’ Laboratories, and the Nu- 
clear Regulatory Commission. The 
product selector guide summarizes 
basic technical information about 
each item. 
Loctite Corp, 705 N Mountain 
Rd, Newington, CT 06111. 
Circle No 434 


BEB ESRI: 


Figasnt: atone BS Segeal Coretta ae 


Designing circuits for 
batteries or remote sites 


The 24-pg application note, AN-23: 
Micropower Circuits for Signal 
Conditioning, considers circuit de- 
sign for conditions that require low 
power consumption, such as battery 
operation, remote locations, or 
thermal requirements. The note 
provides schematics and component 
values for signal-conditioning cir- 
cuits that you use with strain 
gauges, thermocouples, strobed- 
power strain bridges, thermistor- 
based current loops, thermostats, 
A/D and V/F conversion, micro- 
power switching regulators, and 
battery backup regulators. 

Linear Technology Corp, 1630 
McCarthy Blvd, Milpitas, CA 
95035. 
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contact east 


Supplement supplies 
instrument information 


This catalog supplement provides a 
broad selection of brand-name test 
and measurement instruments, in- 
cluding Tektronix and Fluke. 
Among the products for testing, re- 
pairing, and assembling electronic 
equipment are DMMs, oscillo- 
scopes, EPROM programmers, 
probes, breakout boxes, precision 
hand tools, and tool kits. The source 
book provides specifications, 4-color 
photographs, and discount pricing. 
Contact East, Box 786, North 
Andover, MA 01845. 
Circle No 436 


38999 


SERIES TTL 


Two listings note FOCT 

and 38999 Series connectors 
This 3-pg, fold-out brochure fea- 
tures the FOCT (fiber-optic ceramic 
tip) connector and focuses on the 
interconnect system that’s designed 


for cable-to-cable or cable-to-equip- 
ment applications. This 37-pg guide 
surveys the vendor’s 38999 Series 
I, II, III connector line. It details 
the KJA enhanced connector, the 
KJA composite connector, the 
KJLB Jam Nut receptacle, and the 
KJA MIL-STD 1760 lanyard re- 
lease-plug connector. 
ITT Cannon, Box 35000, Santa 
Ana, CA 92705. 
Circle No 437 


A MN EWN ERS AR Y 
ED LY 10 8 


THE CATALOG ot 
Personal Computing 


FOR SCIENTISTS & ENGINEERS 


FALL 3982 


OVER 300 
HARD-TO-FIND 
SOLUTIONS FOR 


Personal-computing tools 
cataloged 

The Catalog of Personal Computing 
Tools for Scientists and Engineers 
contains product reviews by the 
vendor’s technical staff. Most of the 
products have special ratings, indi- 
cating “the best” available for fea- 
tures and performance, and “the 
only” way to do a job. The catalog 
offers a 60-day risk-free return pe- 
riod. Featured in this 40-pg 10th 
edition are the Acquisition Engine; 
an intelligent 8-port data communi- 
cations board and an 8-port board 
for the PS/2; a 3-D CADD system; 
an “at-speed” individual RAM chip 
tester; 3-D graphics software; and 
an expanded line of computer secu- 
rity products. 

Personal Computering Tools 
Inc, 17419 Farley Rd, Los Gatos, 
CA 95030. 
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EDN’s 
CHARTER 


EDN is written for profes- 
sionals in the electronics in- 
dustry who design, or man- 
age the design of, products 
ranging from circuits to sys- 
tems. 


EDN provides accurate, de- 
tailed, and useful information 
about new technologies, 
products, and design tech- 
niques. 


EDN covers new and devel- 
oping technologies to inform 
Our readers of practical de- 
sign matters that will be of 
concern to them at once or 
in the near future. 


EDN covers new products 

e that are immediately or 
imminently available for 
purchase 

e that have technical data 
specified in enough de- 
tail to permit practical 
application 

e for which accurate price 
information is available. 


EDN provides specific ‘how 
to’ design information that 
Our readers can use immedi- 
ately. From time to time, 
EDN’s technical editors un- 
dertake special ‘“‘hands on” 
projects that demonstrate 
our commitment to readers’ 
needs for useful information. 


EDN is written by engineers 
for engineering professionals. 


EDIN 


275 Washington St 
Newton, MA 02158 
(617) 964-3030 
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“A SINGLE AD IN EDN NEWS EDITION 
GENERATED AN INQUIRY LEADING 
TO A $2 MILLION OPPORTUNITY!” 


John Poturny, President Fred Silver, Director of Marketing 
Poturny & Associates Rantec 
Northridge, CA Chatsworth, CA 


Advertising results. Agencies want them. Clients need them. 


“When I was on the client side, I demanded sales results from my 
advertising dollars,” says John Poturny, President of Poturny & 
Associates. ‘Today I’m on the agency side, and I expect the same for 
my clients — advertising that generates sales.”’ 


Advertising results. A publication must provide them. 


“After running ads in EDN News Edition, our phones ring and proposal 
activity soars immediately for our military power supplies,’ says Fred 
Silver, Director of Marketing at Rantec, a division of Emerson Electric. 


Advertising results. For Poturny & Associates and Rantec, EDN News 
Edition gets them. 


“We traced prototype orders worth $2 million in sales to a lead 
generated by our ad in EDN News Edition,” said Silver. 


Both Silver and Poturny agree about the power of EDN News Edition, 
“it gets results.” 


2 


DasatiFiecs by Panty Sees: 


ant SE Fare 


393 12405 5. 
APs Rey. gree 68555 


EDN News Edition works for marketing 
communication partners, Poturny & 
_ Associates and Rantec. It can work for you 


Where Advertising Works 
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Applied Microsystems has raised 
speed limits on the best real-time, trans- 
parent emulation you can get. 

So now emulating faster moving 
targets is getting easier. 

But the powerful edge you get with 
Applied Microsystems is built on more 
than speed. Applied Microsystems pro- 
vides the most comprehensive solution in 
the industry. You get an easy user inter- 
face, full-width trace, multi-condition 
break points, cross triggering, source level 
debugging and 2 Mbytes of RAM overlay. 

Applied Microsystems emulators are 
controlled from the host you normally 
work on. Your target system runs exactly 
as if its microprocessor were in place. And 
you have the option of SCSI, the industry 


standard high-speed bus that transfers 
data at up to 1.5 Mbytes per second. 

Nobody offers more performance 
or a quicker way to develop and integrate 
everything from microcontroller designs 
to 8-,16- and 32-bit systems. You can also 
expect the back-up you need from our 
international network of applications engi- 
neers who provide the support to meet 
your project objectives. 

For a demonstration, write Applied 
Microsystems Corporation, PO. Box 
97002, Redmond, Washington USA 
98073-9702. Or call (800) 426-3925. 

In Washington, call (206) 882-2000. 


‘ih 


Applied Microsystems Corporation 


In Europe contact Applied Microsystems Corporation Ltd., Chiltern Court, High Street, Wendover, Aylesbury, Bucks, HP22 6EP, United Kingdom. Telephone 44-(0)-296-625462. FAX 44+0)-296-623460. 
In Japan, contact Applied Microsystems Japan Ltd., Nihon Seimei, Nishi-Gotanda Building, 7-24-5 Nishi-Gotanda, Shinagawa-KU, Tokyo T141, Japan. Telephone 03-493-0770. FAX 03-493-7270. AMC 247 
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sel Ooms ley Calan, 
you need the Toshiba ST LCD. 


Once again Toshiba has made a breakthrough in display quality. Clear and beautiful displays are achieved with the ST LCD. 
The LCD for the new age. And for your eyes. Now, by employing a new operating mode, this module provides excellent readability 
from a viewing angle perpendicular to the LCD panel. This was difficult to achieve with conventional LCDs. The aim was to make our 
LCD easier on the eyes. We succeeded with the ST LCD. Just another improvement in the man-to-machine interface by Toshiba. 


ST LCD Module Specifications 


Outline dimensions Recommended oat 


TLX-1181 640 x 400 0.35 X 0.35 276 X 168 X 12 TLX-1181-EO 


Nyt 


TLX-1181-G3B 640 x 400 U.35 X 0.35 2/6 X 168 X 12 * 
TLX-561 640 X 200 0.35 X 0.49 275 X 126 x 14 TLX-562-EO 
TLX-1342-G3B 640 X 200 0.35 X 0.49 215 % 126 X 14 * 
TLX-932 640 X 200 0.375 X 0.375 293 X 97.6 X 14 8 
TLX-1241 480 X 128 0.48 X 0.48 2/77 X 86 X 14 - 
TLX-1301V 240 X 128 0.70 X 0.70 241 X 125.3 X 12 = 
TLX-1013 160 X 128 0.60 x 0.60 129 X 104.5 x 14 TLX-1013-EO 
TLX-711A 240 X 64 0.53 X 0.53 180 X 65 X 12 TLX-711A-EO 
TLX-1021 120 Xx 64 0.48 X 0.60 85 x 70 X 20 TLX-1021-EO 
TLX-1391 128 X 128 0.43 X 0.43 85 X 100 x 14 TLX-1391-EO 
TLX-341AK 128 X 128 0.45 X 0.45 93.2 X 86.6 x 12 = 


TLX-761 640 Xx 64 0.38 X 0.42 320 X 47 x 14 


( ): Built-in controller, *:B-ST, built-in EL module 


In Touch with Tomorrow 


TOSHIBA 


Toshiba America, Inc., Chicago Office: 1101A Lake Cook Rd., Deerfield, IL 60015 Tel: 312-945-1500 Western Area Office: 2021 The Alameda, Suite 220, San Jose, CA 95126 
Tel: 408-244-4070 Eastern Area Office: 25 Mall Road, 5th Floor, Burlington, MA 01803 Tel: 617-272-4352 
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RODUCT MARI 


This advertising is for new and current producis. 


Please circle Reader Service number 
for additional information from manufacturers. 


COMPUTER The Best 


Ss WSS : Programming Site 
ise SS Money Can Buy. 


BYTEK’s 135 GANG and SET (E)EPROM Multipro- 
grammer™ with optional Universal Device support 
capabilities, makes obsolescence obsolete. It sup- 
ports more Devices than any other production pro- 
grammer (virtually all (E)JEPROMs up to 32-pin). It 
has options to program 40-pin EPROMs, Program- 
mable Logic Devices, 40-pin MICROs and Bipolar 
PROMs. On board memory is expandable to 2 Mega- 
Byte. The 135 comes with 12 Months FREE updates 
plus an 18 Month Warranty. And, 4 operating modes 
plus Data I/O* protocol compatibility mean un- 
matched flexibility. 


Prices from $995.00 (U.S.) 


BYTEK, the leader in low cost/high 
performance technology. CALL NOW! 


800-523-1565 


In FL: (407) 994-3520 
FAX: (407) 994-3615 TELEX: 4998369 BYTEK 


Rw aw wee 


ie, PA 


Bry 


WORD WIDE MEMORY CARD 
The MEGA-188/186/386SX STD Bus WORD WIDE MEMORY 
card accepts RAM’s and/or EPROM’s in any mix for a total 
of 1-Mega Byte. Compatible with 8088/188 CPU’s but also 
performs 16-Bit transfers with the newest 80186/286/376/ 
386sx CPU’s. The MEGA 188/186/386SX supports 20 or aFS : 
24-bit addressing or bank selection. Battery back-up, address Se sk coca: ROR 
selection, and wait states are all user options for each pair of Pitre os moe pie 
32 pin JEDEC memory sockets. ti: sii des ta : 
For more information and technical assistance please contact 
Robert Coomer at 
R.L.C. ENTERPRISES 

4800 Templetom Road, Atascadero, CA 93422 

(805) 466-9717 


Motion Control / Vision Systems® 
ANS ADVANCED MICRO SYSTEMS, INC. 
Hudson, NH 03051-9989 e 1-603-882-1447 ext. 426 
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CT2600 Interface Board With 
MIL-STD-1553 Fiber Optics 


Free Catalog 
For 

Connector 
Specifiers 


This IBM PC/AT compatible interface board incor- 
porates MIL-STD-1553 standard products and adapted 
NATO STANAG 4185 fiber optic components to 
implement a complete 1/0 channel. 


Benefits include: 
e Eliminates potential for sparks 
e Eliminates electromagnetic interface 
e inherently protected from EMP 
e Provides longer transmission distances 


LEMO’s Pocket Catalog permits connector specifiers to 
quickly determine which LEMO connectors meet their needs. 
Catalog includes tables that are organized around the main 
elements needed to specify connectors: number of contacts, 
working voltages, amps, collet ranges to accommodate cable 
OD, shell styles and insulating materials. 

Connector families include mixed and multi contact con- 
nectors, environmentally sealed connectors, coaxial, triaxial, 
high voltage and plastic. 


LEMO USA, INC. 


Circuit Technology, Inc. 
P.O. Box 11488, Santa Rosa, CA 95406 CC : [= Smith Street, Farmingdale, NY 11735 
phone 707/578-8811, telex 340-933, fax 707578-0869. (516) 293-8686 FAX (516) 293-8622 
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To advertise in Product Mart, call Joanne Dorian, 212/463-6415 
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BYTEK Corporation, Instruments Systems Division 
508 NorthWest 77th Street 
Boca Raton, FL 33487 


*DATA I/O is aregistered Trademark of DATA I/O Corporation. 


Call or write for full specs and pricing. 


SS aa | Micro Modules 
Solutions. 
41 | STANDARD PACKAGES 


FOR TEMPERATURE "386, PS/2, Macintosh, SUN, HP & DEC. 


¢ IEEE s to SCSI, RS-232, RS-422, 
ASSEMBLIES. isdene Cannone digital I/O & analog I/O 


+ IEEE extenders, expanders & buffers 
Specify your temperature probe assembly ¢ IEEE drivers-for DOS, UNIX@, Lotus 1-2-3, 
from 41 packages, 12 lead materials, 9 Symphony & Quattro. 
thread sizes, 6 assembly materials, 11 Call or send for your 
connectors, and 58 thermistors. All stan- FREE Technical Guide 


dard. If these don’t meet your needs, 
we'll make a custom probe from your 


drawing. Send for our catalog. Or call ; 
toll-free, 800 343-4357 (513 767-7241). Te € A 


YSI Incorporated 


Yellow Springs, Ohio 45387 USA 


Demo disks and application notes available 


(216) 439-4091 
Telex 6502820864 « Fax (216) 439-4093 
IOtech, Inc. « 25971 Cannon Road 
Cleveland, Ohio 44146 
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Facts about 


400,000 


ICs and Bemiecniede 
at Your Fingertips 


Cahners CAPS is the newest component 
search and selection tool for electronic 
design engineers: 


e PC-driven, CD-ROM-based 


e Includes unabridged 
manufacturers’ datasheets 


e Represents more than 250 


MULTIBUS Il 


PSB BACKPLANES 


21-SLOTS!! 


6-LAYER BOARDS, INBOARD TERMINATORS 


Reilable general purpose, magnetic- 


CHOICE OF POWER CONNECTIONS : 
latching, and time-delay relays. Light, OTHER SIZES AVAILABLE IN 3, 5, 6, 9, 12, AND 20-SLOTS manufacturers worldwide 
medium and heavy duty power loads. LBX BACKPLANES ALSO OFFERED Call Toll Free: 1-800-245-6696 


Send for 2,3, 4,5, AND 6-SLOTS, 4-LAYER BOARDS 
Engineering SEND FOR FREE PRODUCT DATA CATALOG 


DELITROL Manual or Call Hybricon 


combrals 444/671-6800 12 WILLOW ROAD, AYER, MA 01432 
0 DIVISION OF DELTROL CORP. Fax: 671-6809 FACTORY WESTERN OPERATIONS 
4527 508-772-5422 602-921-1824 
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Co Awl Ae UNSERE Ss 


= 275 Washington Street 
= Newton, MA 02158-1630 


Telephone: 617-964-3030 
cangire Aided Telex: 940573 


Product Selection 
CIRCLE NO 336 


In PC industrial I/O cards the name is . . 


PC-LabCard 


I/O Cards: Daughter Boards: 
e 12 Bit A/D, D/A, DIO, Counter @ Amplifier/Multiplexer 
e 14 Bit A/D, D/A, DIO, Counter ¢ Opto-Isolated Digital Input 


SIMPLIFY BOARD LAYOUT SEE ASH lucerne cand | 8 SSE rgb ant Relay Delve 
HIGH DENSITY CIRCULAR PROCESS AND e RS-422 Communication card e Wiring Terminal 


@ Stepping Motor Control card 
e Slot Extension Kit 


Software Support: 
PC-LabDAS, ASYSTANT +, 
DADiSP, Labtech NOTEBOOK, 
UnkelScope 


CALL FOR FREE CATALOGS! 
(408) 293-6786 


MEDICAL EQUIPMENT CONNECTORS 
D Series 7, 9 and 12 contact cable to cable and chassis con- 
nectors provide MIL quality contacts in impact resistant 
polycarbonate housing. Keyed simple push button lock 
minimizes use problems. Solder cup or crimp contacts are 
useable in either housing. 


HYPERTRONICS CORPORATION 
16 Brent Drive, Hudson, MA 10749 


MICRO/Q 1000 ceramic decoupling capacitors 
share board mounting holes with IC pins to 
simplify board design. Now add more active 

_ devices with increased density in the same space. 
or design the same package on a smaller board. 
Rogers Corp. 2400 S. Roosevelt St., Tempe, AZ 
85282. 602/967-0624 


American Advantech Corp. 
1460 Tully Road, Suite 602 
Advantech San Jose, CA 95122 


(508) 568-0451 Fax: (408) 293-4697 
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SBX ANALOG I/O MODULES. Up to 16 ana- 
log inputs and 8 analog outputs w/12 bit resolu- 
tion on one card. Throughput rates from 3 kHz 
to 59 kHz. TTL or CMOS. Nonintelligent or 
intelligent w/FIFO I/O buffer and many pre- 
programmed modes of operation. Input filters, 
prog. gain amp, sample-hold. 


ROBOTROL CORP 
16100 Caputo Dr, Morgan Hill, CA 95037 
(408) 778-0400 


CIRCLE NO 340 


87051 PROGRAMMER $125 
The UPA87C51 converts general purpose program- 
mers to 8751/87C51 programmers. Select 2732A on 
your programmer, plug in the UPA, and you have an 
8751/87C51 programmer. With the UPA87C51 you 
can also program the 8751 and 87C51 security bits 
and the 87C51 encryption array. It’s very simple and 
VERY cost effective. 

Price $125.00 including UPS ground shipping. 
Adapters are also available for the 63701V0O, 
63705V0 and 8751 and are priced at $65.-$95. 


Logical Systems Corp. 


PO Box 6184 Syracuse NY 13217-6184 USA 
(315) 478-0722 Telex 6725617 LOGS 
FAX (315) 475-8460 


CIRCLE NO 343 


g~~ ™ Telecom Design! 


LOOP CURRENT 
DETECTORS 


Line Sense Relays connect ir series with 
Tip and Ring and provide a relay closure in 
response to loop current flow. For on-hook, 
off-hook monitoring, switchhook flash 
detection, and rotary dial pulse counting. 
Simple design, rugged construction. 

@ M-949-01 for U.S. FCC Part 68 

@ M-949-02 for international IEC/VDE 

@ M-949-03 for Canadian DOC CSA 

@ M-949-XX Custom modules 


(In Washington State: 206-827-9626) 


TELTCONE 


10801-120th Avenue NE, Kirkland, WA 98033 
CIRCLE NO 346 


[Wuischiekria 1-600-426-3926 


INTELLIGENT PERIPHERAL INTERFACE 


IPI-2 ¢ IPI-3 


E(E)PROM : MICRO & MEMORY 


TEST 
CARD PROGRAMMER. .... $345 - $595 
EQUIPMENT @ No personality modules for E(E)Proms & Intel Micros. 


@ All 24/28/32 pin EProms to 1 MBit (upgradeable to 32MB) 
@ 8741,-2,-4,-8,-8H,-9,-9H,-51,-C51,-52,-55, 9761. EEPROMS. 
e@ Memory Cards: Seiko/Epson, GI. Flash Eproms. On-board 


V L S I Programming capability. Easy F/W upgrades. Modular design. 
e Stand-alone E(E)Prom & Memory Card Duplication / Verify. 
DEVIC ES @ User friendly menu - driven driver for IBM-PC & Macintosh. 


e Autobaud RS232 to any computer. Hex/Binary/Intel/Motorola. 

@ Built-in Eraser/Timer option ($50). Gang-Module ready. 

e Direct technical support. Full 1 year warranty. 
MC/VISA/AMEX Call today for datasheets! 


B&C MICROSYSTEMS INC. : 
| 355 WEST OLIVE AVE. SUNNYVALE, CA 94086 
a - TEL: (408)730-5511 FAX: (408) 730-5521 
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(714) 2 


9-1500 * FAX (714) 259-7671 * TX 650 256 5961 
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- SOPHISTICATED 
PCB CAD 
AT A 
PRACTICAL 
PRICE 


Everything you've always wanted in 
a CAD Engineering workstation 
and affordable! 


Inputs from FutureNet™, Orcad™, Schema™ 

1 Mil database, 32 x 32”, 30 Layers 

Routing Grids: 1, 5, 10, 20, 25 & 50 Mils 

1,2 &3 Tracks between IC Pads 

Interactive and Automatic Placement and Routing” 
XT, AT & 386 (and compatibles) 

Full Air Gap & Connectivity Checking 

200 IC Capability (400 IC optional) 

Full SMD & Analog Support 

Call for free evaluation literature 


Tango. Now More Than Ever, 
The Best Value in PCB Design. 


Take a look at the all new Tango Series II. Our pop-up menu 
interface sets a new standard for ease-of-use and productivity. Lay 
out simple prototypes or complex, multi-layer, SMT designs with 
over 100 new features including user-definable tracks, pads, and 
grids. 

For IBM-PCs and compatibles, Tango-PCB Series II, just $595. 
Tango-Route Series II autorouter, just $495. Both include one 
year’s updates, free tech support, 30-day money-back guarantee. 


eee Call today. 
cuss urea: rn FREE EVALUATION PACKAGE 
Inside MA 1-508-486-8929 800-433-7801 619-695-2000 
CAD S of twar e, Inc. ACCEL Technologies, 7358 Trade Street, San Diego, CA 92121 
Suite 6, 119 Russell St. Littleton, MA 01460 
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ee 


‘* The Best 8051 Emulator’”’ 


CIRCLE NO 344 


| 


Source Level 
support for 
PL/M-51 
and C-51 


Assembler 


"C" Compiler 
Real-time kernel 
Emulator 

H D6: 4] 80 Prototype board 


Floating point 
MICROPROCESSORS [pp 


Software and hardware which | 
works with the IBM-PC for Z80 / | 
HD64180 development: | | 


5 ft. cable 


See EEM 88/89 
Page D-1304 


C-compiler, complete $495.00 PC based emulators for the 8051 family 
Assembler/linker $195.00 (8051/51FA/52/31/32/44/152/451/452/535/552 + CMOS + more... 
In-circuit Emulator $995.00 ¢ PC plug in boards or RS-232 box = * Program Performance analyzer 
: ¢ Pull-down menus combined with ¢ Powerful Macros with IF-ELSE, REPEAT- 
Souree/symbolic debugger $195.00 Command-Driven User Interface. WHILE structures 
Mulutasking kernel $395.00 Context sensitive help and * Source Level debug for PL/M-51 and C-51 
HD64180 serial driver $150.00 On-Screen Editing of data ¢ Symbolic debugging with in-line assembler 
. . = ¢ 20 MHz real time emulation and disassembler 
Fast floating point package $150.00 * 128K emulation memory ¢ Execution time counter 
* * ¢ 48 bit wide, 16K deep trace buffer © Trace can be viewed during emulation! 
Z-World Engineering TR cae 
1340 Covell Blvd. Suite 101 ea PRICES: 32K Emulator for 8031 $17907 4K Trace $1495" 
Davis, CA 95616 aaa CALL OR WRITE FOR FREE DEMO DISK! 
(916) 753-3722 ZO Specialiats snes aa Ask about our demo VIDEO! 


Fax: (916) 753-5141 In Germany: 08131/1687 


51 E. Campbell Avenue 
noHaU Campbell, CA 95008 
FAX (408) 378-7869 
CORPORATION (408) 866-1820 
CIRCLE NO 348 
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More Good Code - Fast! 


aS 


2285 ROA esa, 


Softaid’s ICEBOX In-Circuit Emulators give you all the resources needed 

to complete hardware/software projects on time and on budget. The 

ICEBOX is an inexpensive yet extremely powerful microprocessor 

development system. 

¢ 65,536 Full speed breakpoints 

e Source Level windowed debugging 

¢ Optional Performance Analysis quickly isolates software bottle- 
necks 

e Emulators for: 64180, Z80, Z280, Z180, 8085, 8088/8086, 
80188/80186, V40/V50 

e Call us about our free ‘‘Guides to Applications Development’ 

e Priced from $595 to $2995 


OFIAID, Inc. 


8930 Route 108 Columbia, MD 21045 
(301) 964-8455 (800) 433-8812 
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Large Format Plotting 


C-—D 
$1695 


A-—D 
$2295 


A-E 
$2695 


Multiple Media Sizes 
Speed — 10” per Second 
Repeatability .004 
Vacuum Paper Hold Down 


CALL NOW FOR A FREE SAMPLE PLOT 
(415) 490-8380 


ZERICON 


40491 Encyclopedia Circle, Fremont, CA 94538 
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VIDEO INSERTION + IRIG TIMING 
FOR VME BUS 


VICCUR-VME $2,500.00 


— Inserts titling, time code and reticle 

— Genlocks to RS-170 (A) or CCIR 

— Decodes/generates IRIG-B 

— Other video insertion and timing products, 


Standalone and most busses 


K-SYSTEMS OF TEXAS, Inc. 
11501 Rojas Drive, Suite P 

El Paso, TX 79936 

(915) 598-9769 FAX (915) 593-2080 
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LCD WINDOWS CONTROLLER 


The CY325 supports LCDs up to 128x240 pixels 
(16x40 char) with easy-to-use high-level commands 
and Parallel or Serial interface to host computer. The 
256 built-in windows (or make your own) support 
window-relative text, graphics, plotting, bargraphs, 
waveforms, scroll/wrap/clip, etc. Read from an A/D 
and Write into Window! Separate text and graphic 
planes can be written or erased in any window. Eight 
pins support a variety of functions (soft-keys, waveforms) 
or can be used for GP I/O. Icons or special fonts can be 
user defined. Giant character mode, etc. Save months 
of design time with the CY325. $75 CMOS $20/1000s. 


Cybernetic Micro Systems Inc. 


P.O. Box 3000 * San Gregorio, CA 94074 »* USA 
Phone: (415) 726-3000 Telex: 910-350-5842 
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NETOPT/ NETSIM ANALOG CIRCUIT ANALYSIS 
AND OPTIMIZATION SOFTWARE 

NETSIM analyzes circuits in both time and frequency do- 
mains, performs Monte Carlo, tolerance/worst case analysis 
and extracts poles/zeros and transfer functions. ¢ Produce 
yield estimates and sensitivity analysis of your analog designs 
¢ NETOPT includes all features of NETSIM and adds sophis- 
ticated optimization capabilities ¢ Compensate for circuit/ 
device parasitics, generate non-standard responses and 
center designs for maximum yields. « NETSIM is available for 
IBM PC®($850) and VMS®/UNIX®($1700.00)/NETOPT is 
$1995.00 for the PC and $3995.00 for the VMS/UNIX version. 


RLM Research 
P.0. Box 3630, Boulder, CO 80307-3630 
(303) 499-7566 
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STOP NOISE IN PGA, LCC PACKAGES 


PGA MICRO/Q decoupling capacitors 
provide low-inductance, high-frequency 
noise decoupling for PGA, LCC packages 
on complex board layouts. Fit under PGA 
or LCC sockets use no extra board 
space. Choose from many pinout 
configurations. Rogers Corp.., 

2400 S. Roosevelt St., Tempe, AZ 85282. 


602/967-0624. 
CIRCLE NO 756 


Top of The Line In PCB Design 


PROMEGAUTONRAK 


This poe has a host of new features to assist in the design of aPCB 
whether it is Through-Hole or SMD Technology. Features Interactive 
and Full Auto Routing & Component Placement with Design Rule 
Checking. 

AUTOTRAX offers user definable tracks and pads. A multilayer program 
supporting CGA EGA VGA VEGA Deluxe and Hercules Video drivers. 
Output to plotters, printers, N/C drill and photoplotter. Hardware, IBM 
PC/AT/XT/PS2 or compatibles, 640K RAM, 2 floppy plus hard disk, PC 
or MS-DOS greater than version 2.0. Also supports 4Mb EMS. 


$995 ORDER TOLL FREE (800) 544 4186 
For end-to-end design ask about PROTEL-SCHEMATIC $495 


If you are a licensed user of Tango™-PCB with program copyright of 
Protel, you qualify for one copy of AUTOTRAX at discount price $240. 


Tango™ is the registered Trade mark of Accel Technologies Inc. 


PROTEL TECHNOLOGY INC. [PROVED 


A Member of CRITEC CORPORATION >O—=—=— 
SSS 


Address: 50 Airport Parkway, San Jose, CA.95110 U.S.A. 
Telephone: 408 437 7771 


Facsimile. 408 437 4913 Telex: 510 100 7634 
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Join Forces 


Combine your 
larger ads with 
EDN Product Mart ads 
for a total 
marketing program. 


¢ 
EDN Product Mart 


CIRCLE NO 754 


ociate Designe 


Proven and affordable 
board design. 


d schematic capture * Interac 
B layout editor * 6000 compone 

Optional routers and utilit 

an evaluation package. $50. 


ee ee 
p-cad 
1290 Parkmoor Ave., San Jose, CA 


800-523-5207 or inside CA 800-628-8748 
CIRCLE NO 757 
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WRITE OR CALL FOR SAMPLE 
Low Cost Tempilabel° Temperature Monitor. 


PLD PROGRAMMING 


THEY PROMISE. 
WE DELIVER. 


> 
inter station andr teu) 50. 


Tempilabel® "Meuron 


38 C 43. C 49 C 54C 


0001 : Arb nee ion fie 
Se 
0006 shoe ue t7e0( Ide nti fy) 


9067 foun ste Cingut ry) 00 00 00 30 00 
9000 Dat a 29-05 90 00 43 dF AEME OG 82 20 
Sp! 9 33 c 


00°0. ; 3529 
0020 PH 0 3 30 2 4 iy 3 a 2 20 50 
0038 putas /00 UE 


003C: hessage -In 700 
00 


nheid NJ USA 


8€ O0l-Vr ON 


0: Bus fre 
003F a i ied ati ped § /80 
0041; wiA /CO 
100 F 110 F 120 F 130 F 
CENTERS TURN BLACK AT RATING SHOWN 


So Pla 


abbesteintdr Identify) 
Command /0B(Read) 00 00 10 01 00 
Message-In /04(Disconnect 


Bus free 


0 00.12 34 5679 12 34 S6 7A 12 34 56 78 
2 36 56 JC 12 34 66 70 12 34 56 7E 12 34 56 IF 


How to put alow cost 
temperature gauge 
on everything. 


Label’s center spot turns black when surface to which 
itis affixed reaches specified temperature. Single- or 
multi-spot labels with pre-determined increment of 
ratings: 100°F (33°C) to 600°F (316°C). 1% accuracy 
guaranteed. 1 thru 8 ratings on each monitor with 
various increments. Self-adhesive, removable. 


The 60A Logic Programmer delivers: 
M Support for 350 PLDs 
Additional PLCCs and EPROMs 
WM Manufacturer-approved algorithms 
@ On-going updates and support 


Features: 
32K x 7 byte Trace Memory 
50 nsec Time-Stamp Resolution 
Async & Syne Tracing 
Single-end & Differential 

Easily readable ‘‘SCSI English’’ display 


Call today for more information. 


1-800-247-5700 


Gives a quick, clear and precise view of SCSI protocol. Ext. 758 TEMPIL DIVISION, Big Three Industries, inc. 
AsTICCCO 1 = (415) 363-0667 2901 Hamilton Bivd., South Plainfield, NJ 07080 
— pe a oe DATA I /O Phone: (201) 757-8300 Telex: 138662 


1755 E. Bayshore Road, 18A, Redwood City, CA 94063 
Corporation 
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Analog Circuit Simulation 


NEW IS_SPICE/386 On 386 PC's, $386 ee 
Outperforms CARDS FOR | 
Workstations  PC/XT/AT 


Increases Speed 
by 200 - 600% 


Circuit Size 
nearly Unlimited 


Supports 287, 387, 
Weitek 1167/3167 


IS SPICE runs on all 80x86 PC's for only $95.00: 
Performs Complete AC, DC, and Transient Analyses. 


SPICE_NET, $295: Schematic Entry for any SPICE 
simulator. Automatically makes a Complete SPICE 
netlist. Easy to use Menu Drive program included. 


PRE_SPICE, $200: Monte Carlo Analysis, Parameter 
Sweeping and evaluation. Extensive Model Libraries. 


Intu_ Scope, $250: A graphics Post Processor that 
works like a digital oscilloscope. Easy to use with the 
most comprehensive set of waveform operations 
available. Please Write or Call 
z= P.O. Box 6607 (213) 833-0710 

np gape San Pedro, CA 30 Day Money 
intuso ft 90734-6607 Back Guarantee 


CIRCLE NO 761 


‘RS-485/422 (€ $95) 


e Meets RS-485 (Multipoint Bus Transmission) and RS-422A standards. 
e@ Can be configured as COM1 or COM2. 

e Jumper selectable line terminators. Two wire (half duplex) operation. 

e Maximum Baud Rate 56KB/115KB. Differential drivers to 4,000 ft. 
e DB9 or phonejack. Sample communication software available ($50). 


TEEE-488 Card [PC488A] $145 


e Includes INSTALLABLE DOS DEVICE DRIVERS and support for BASIC. 

e Additional Support for ASSEMBLY, C, Pascal and FORTRAN ($ 50). 

e@ IRQ (1-6). DMA channel 1 or 2. Up to 4 boards per computer. 

e Compatible with most IEEE-488 Software packages for IBM-PC (e.g. ASYS- 
TANT-GPIB, Lotus Measure, etc.). H/W “488B) with NI’s a PCHIA. | 


[TEEE- 488 Card [PC488B] 
With Built-In Bus Analyzer $345 | 


e GPBASIC complements IBM/Microsoft BASIC anieepretes ane aie to 
create a programming environment similar to HP desktop computers. 

e Additional libraries of over 20 high level 488 dedicated functions for C, 
Pascal and FORTRAN available. ($50 ea. including separate library manual). 

e Powerful menu-driven BUS ANALYZER runs in the background while 488 
programs or commands are executed; Features Program Stepping, Break 
points, real time bus data capture (4K buffer), instant screen toggling. 

e Dipswitch selectable Base address, interrupts (IRQs) and DMA. 

e Complete Controller / Talker / Listener capability. Based on TI’s TMS-9914. 

e NEC-7210 based card (compatible with Nat. Instruments PCII/PCIIA) - $445. 


MC/ VISA / AMEX Call today for datasheets! 


B&C MICROSYSTEMS INC. 


MINIATURE 70 WATT DC-DC CONVERTER 
ICI announces the addition of the MFW series of 50-70 watt 
DC-DC converters to its line of HI-REL devices. Up to 88% 
efficient, these converters are availin 5, 12, 15 V single, dual 
& triple output configurations. For MIL & other HI-REL appli- 
cations, 125°C Tc is possible with derated power output. 
Additional environment screening is avail. 


Contact ICI, 10301 Willows RD., Redmond, WA, 98052, 
800/822-8782. 


355 West Olive Ave, Sunnyvale, CA 94086 
TEL: (408)730-5511 FAX: (408)730-5521 
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SMA Sorcastes 

& ACCESSORIES 
A complete family of SMA termi- 
nated cables are now readily avail- 
able from stock. The ever popular 
*) 50 ohm RG58A coax cable 5s of- 
fered in ten basic lengths from 6" to 
& 10 feet in four styles including: 
4 Male/Male or Male/Female, 


extension Lope also with one or 
two male right angle connectors. 


M-991 generates precise dial tone, busy 
tone, reorder tone, ringing, and other call 
routing tones for use in telephone systems, 
test equipment, callback security and other 
telecommunications systems. 

@ 14-pin CMOS DIP 

@ Single 5V power supply 

@ 3.58 MHz time base 


@ Combinations of all standard 
frequencies 


“Wisteria 1-600-426-3926 


Over 25 types of connectors and 
adaptors are also available. Allare 


CMOS STD BUS re gold plated and built to very close 
SINGLE BOARD COMPUTER raion sler oe comer 

The LPM-SBC40 is a CMOS STD-BUS Single Board 
Computer that is designed for Industrial applications. 
The LPM-SBC40 uses the NEC V40 microprocessor, 
up to 256K bytes of EPROM, 384K bytes of battery 
backed-up SRAM, real time clock, two RS-232 serial 


channels with RS-422/485, watchdog timer and 4 es. : : 
power fail logic, 5,8 and 10 MHz. Plc (In Washington State: 206-827-9626) 


WinSvatorna Call: 800 343-1455 Z = he oO ey Ee 


Box 121361, Arlington, TX 76012 DATA PRODUCTS 
817/274-7553 N. ANDOVER, MA 01845 10801-120th Avenue NE, Kirkland, WA 98033 
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@ PROGRAMS, 


READS, DUPLI- 
C 0 D E pe CATES, TESTS 


_ | | SOURCE | : : UNIVERSAL Loaic C PROGRAMMER 


7 ae 3 AND SECURES 

— The The AT BiesKit is a book with diskettes Oe ooeau 
containing source code in C, plus utility pro- DEVICES 
grams to help you create a Bios. Now you can @ 23 UNIVERSAL 
have a Bios with documentation for your own pe sheath sg 
applications: modify boot-up, eliminate the PENDENT DAC, 
keyboard, install security features, etc. Only nate plies 
$199 complete. The XT BiesKit is only $99, or PROGRAM AL- 
get both BiosKits for $279. The latel Wildcard MOST ANY 
Supplement for the XT BiosKit is $49. Cenc 

-. Yr. AT HAND BOOK — SAVE SPACE WITH Q/PAC® COMPONENTS OPERATION IS 
| . : 

The XT-AT Handbook is full of hardware and Provide built-in capacitance See One 


@ CONNECTS TO ANY IBM COMPATIBLE VIA PARALLEL PRINTER PORT 
@ EDITS FUSE DATA & TEST VECTORS WITH FULL SCREEN EDITOR © 
@ TESTS WITH VECTORS & SECURES AFTER PROGRAMMING 

@ SUPPORTS ALL POPULAR PLD DEVELOPEMENT SOFTWARE ~ 

@ ONLINE HELP FUNCTION @ ONE YEAR WARRANTY ~ 

@ SELF CALIBRATING @SAME DAY SHIPMENT 

@ JEDEC FILE INPUT & OUTPUT @ GOLD TEXTOOL ZIF IC SOCKET 
@30 DAY MONEY BACK GUARANTEE @ UPDATABLE VIA FLOPPY 


e Eliminate decoupling capacitance 

e Gain 4-layer board quietness 
with 2-layer economy 

e Vertical or horizontal mounting 


software information ina shirt pocket size book. 
Over 70 pages covering 38 subjects, including 
connectors, I/O maps, controller programming, 
DOS and DEBUG commands, board dimensions, 
character codes, hard disk drive types, and 
much more. Only $9.95 each qty 1-4, five or 


~ more, $5 each. = —— Send for Rogers Q/PAC® @ EPROM PROGRAMMERS Ste pee -FREE TECH SUPPORT _ 
Annabooks Application Bulletin. CALL FOR FREE DEMO DISK OR INFO 800/225-2102 
12145 Alta Carmel Ct Suite 250-262 Plu u 
YSTEM 
San Diego, California 92128 Rogers Corp., 2400 S. Roosevelt St. BP nicros STEMS 


10681 HADDINGTON #190 HOUSTON, TX 77043 
713/461-9430 TLX: 1561477 FAX: 713/461-7413 _ 
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Tempe, AZ 85282 602/967-0624 
CIRCLE NO 777 


UNIVERSAL PROGRAMMER 


ONLY 
$585 
COMPLETE 
(Menu-driven S/W, 


(619) 271-9526 
CIRCLE NO 776 


Small Space 


ANALOG CIRCUIT SIMULATION eat Advertising 
Cable included.) ' : For Big 
ECA-2 is a complete Electronic Circuit Analysis package with built-in graphics f 
and the fastest simulations. ee tel Results 
= Foner, Temperature = Over S00 nowes UNIVERSAL PROGRAMMER 7 ; ‘ 
° Worstars: pees ° . Pulse, see wie ¢ programs E(E)PROMs (up to 1 Meg Bit), PAL, FPL, Bipolar PROM, 
® Fi n xponentiai generators A 
° interactive oc bateH e sdoney back auarantee 8748 & 8751 series. EDN Pr oduct Mar t 


* tests Static and Dynamic RAMs, TTL and CMOS logic chips. 
¢ All of above functions are performed only on single unit without 
any additional module. 


e SPICE compatible models 


ECA-2 IBM PC or Macintosh $675 


EC-Ace, a subset of ECA-2, $145 INDIVIDUAL PROGRAMMERS are also available. 
Call 313-663-8810 For FREE DEMO disk (E(E)PROM programmer (1,4,8,16 sockets), PAL programmer, 


BIPOLAR programmer, 8748 series programmer, 8751 series program- 
mer, Memory IC & TTL tester.) 
XELTEK 


473 SAPENA COURT #24 ORDER TOLL FREE 
Tatum Labs. Inc SANTA CLARA, CA 95054 ~—- 1-800-541-1975 (outside CA) 
9 


1478 Mark Twain Court, Ann Arbor, Mi 48103 i +08} A peers AMEX 
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I€€€-488 CONTROLLER 


con PS/2 
WITH ASYSTANT” GPIB SOFTWARE 


ONLY *895” INCLUDES: 
¢ MXI-1000 IEEE-488 CONTROLLER FOR PS/2 
* ASYSTANT™ GPIB SOFTWARE PACKAGE FOR PS/2 
¢ GPIB CABLE 
¢ PC/AT PACKAGE ONLY ‘795 


MINIATURE 7.5W WIDE INPUT RANGE 

DC/DC CONVERTERS, 700PW SERIES 

e The Highest Power Density (10W/In3), and Wide (2:1) Input 
Voltage Range in a 2”x1”x.375” Shielded Case 

e Internal Input Filtering 

¢ +0.1% Line and +1.0% Load Regulation 

¢ Up to 1000VDc I/0 Voltage Isolation 

e Efficiency Up to 82% @ FL 

e Single and Dual Outputs 

e Industry Standard Pinning 

e Pre and Post 100% Burn-In @ FL 

e Prices Start From $79 (1-9), Delivery is 4 Weeks ARO 

CONVERSION DEVICES, INC., 101 Tosca Drive, Stoughton, 

MA 02072 USA Tel: 617-341-3266. 
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TOLL FREE: 1-800-553-1170 
carats Teer 478 E. Exchange St. Akron, Ohio 44304 
(216)434-3154 TLX: 5401012726 FAX: (216)434-1409 


THE BEST COMPETITOR 
TO DATA/IO REAL WORLD V/O 


EPROM-1 PROGRAMMER AND SMOL-1 AUTOMATIC HANDLER 


* Devices Programmed: All standard 5 volt EPROMs to 1024K 

* RS232C interface for complete control from all standard computer 
* EPROM-1 Programmer does blank check-program-verify in very fast 
speed, e.g. 27256/4.5 sec. 

SMOL-1 Handler can interface EPROM-1 Programmer to program 
automatically and confirm good or bad after programming. 

* U.P.H: 2.000 ea./hr (2764) 

* Price: EPROM-1 PROGRAMMER : US$1,000.00/ea 


SMOL-1 AUTOMATIC HANDLER : US$7,000.00/set 


smOL SMOL 
ENTERPRISE CO., LT 


* 


DG24 ° 24 line digital I/O; 10 MHz 8255. $95 
AD500 « 8 channel 12-bit (plus sign) integrating A/D; prog. 
gains of 1, 10 & 100; 7 digital I/O lines. $239 
AD100 ° Single channel version of AD500; 10 digital 1/0 

lines. Same programmable gains. 700 meg input Z. $149 
AD1000 + 8 channel 12-bit A/D; 25 uS; sample & hold; 3 5 


MHz timer/counters; 24 digital I/O lines. $295 
NO. 11, ALLEY 36, LANE 250, SEC. 5, <. ADA300 * 8 channel 8-bit 25 uS A/D; single D/A sample & 
NANKING E. RD., TAIPEI, hold; 24 digital VO lines. $239 
te bee sean 49 AD200 * 4 channel 12-bit 125 uS A/D; 3 5 MHz timer/ 
7608658 7628526 , counters; 24 digital I/O lines. $239 
: DA600 ¢ Fast settling dual bipolar D/A. $179 


TLX: 24343 tle 
FAX: 886-2-764- 7654@ 


ig 


PD200 * Prototype board w/ address decoder; manual $99 


All boards include BASIC, Pascal, C, and Forth drivers. 
30 day return; 1 year warranty. Call for “Real World 
Interfacing’ application notes. 


Real Time Devices, Inc. 
P.O. Box 906 State College, PA 16804 


(814) 234-8087 
CIRCLE NO 786 


CIRCLE NO 785 


Want 
Attention From 
137,000 
Engineerin 
Specifies 


Place your ad in Schematic and PCB Software 


EDN Product Mart. : Create and revise schematics and PCBs quickly and 
simply with HiWIRE-Plus® and your IBM PC. Use 
symbols from HiWIRE-Plus’s extensive library, 
modify them, or create your own quickly and pain- 
lessly. Netlist, bill-of-materials, and design-checking 
utilities are included. HiWIRE-Plus is $895 and 
comes with a thirty-day money-back guarantee. 


Wintek Corp. 
1801 South St., Lafayette, IN 47904 
(800) 742-6809 or (317) 742-8428 


CIRCLE NO 789 
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Z80,000™ AT-BUS SBC (ATZ80K) 

Zilog’s new Z320™ 32-bit pipelined CPU/MMU/CACHE unit 
is the heart of this PC-/AT™ coprocessor, passive-back- 
plane master, or stand-alone SBC. Get 2 to 5 MIPS per- 
formance atio MHzwith 1M or 4M 32-bit burst-mode no- 
wait-state RAM, 4 32-pin EPROM/EEPROM sockets for up to 
512K 32-bit burst-mode no-wait-sate non-volatile storage, 
2 RS-232 ports, 24 1/0 lines, 3 16-bit counter/timers, an 8-bit 
DIP switch, and an SBX connector. Debugger, assembler, 
and C available. 

Call or write for more information. 


Single Board Solutions, Inc. 
20045 Stevens Creek Blvd., Cupertino, CA 95014 
(408) 253-0250 


Z80,000 & Z320 are trademarks of Zilog 
PC-AT is a trademark of IBM 


CIRCLE NO 792 


MICRO/Q 2000 


FOR A DECOUPLING CAPACITOR THAT SAVES 
SPACE, DEFEATS NOISE, IS SUITABLE FOR 
MILITARY APPLICATIONS AND BEATS 
HUMIDITY, HEAT AND COLD: 

ROGERS MICRO/Q® 2000 

Rogers Corp., 2400 S. Roosevelt, 

Tempe, AZ 85282. 602/967-0624 


CIRCLE NO 791 


FREE SCHEMATIC CAPTURE 
DEMO DISK 


SCHEMA II+: 
Capture More Than Ever 


Incredible speed, ease of use and power have 
made SCHEMA a best-selling schematic capture 
program for engineering professionals the world 
over. Now, SCHEMA II+ sells for $495 and 


aw, Supports most common IBM 
== PC/XT/AT/PS2 configurations. 


== OMATION 


In Texas Call (214) 231-5167 


FREE Demo Disk: 1-800-553-9119 
CIRCLE NO 787 


AFFORDABLE 


ERE ENGINEERING 
endieeates SOFTWARE 
AND APPLICATIONS GUIDE 


PC/MSDOS — Macintosh — CP/M 


ACNAP — $425.00 | LCFIL — $95.00 


AC Network Analysis, Component LC Filter Design/Analysis/Synthesis 


Libraries, Macros, AUTO Execute 
: LSP — $95.00 
DCNAP — $95.00 Logic Circuit Design/Simulation 


DC Network Analysis, Component 


Libraries, Macros, AUTO Execute RIGHTWRITER — $95.00 
Report Proofreader Program. 

SPP — $4 25.00 Applies 3000 Rules of English 

Signal Processing Program 

Macros, AUTO Execute, Windowing PDP — $95.00 


Scientific Plotting Program 


PLOTPRO — $72.95 | for Pen Plotters 


Scientific Graph Printing $ 
TEKCALC — 95.00 
PCPLOT3 — $95.00 Programmable Scientific 


High Resolution Engineering Calculator/Statistics/Curve-fitting 


Graphics Package $ 
COMCALC — 72.95 
LOCIPRO — $95.00 Communications Budget Calculator 


Root Locus Stability Analysis. and Spreadsheet Program 


Multiple, Nested Loops $ 
XFER — 95.00 
ACTFIL — $95.00 Transfer Function Analysis 


Active Filter Design, Analysis, Synthesis and Circuit Synthesis 


MICRO-3— *425.00/| SPANNER — $95.00 


Design & Analyze Microstrip Circuits, Integrated Word Processor, HP411C 
Filters, Hybirds, Couplers, Transformers Calculator, and Scientific Graphics 


BY Engineering @® Sam 


Professional Software (74 4) 781-0252 
2023 Chicago Ave, Suite B-13, Riverside, CA 92507 US.A., TELEX-3089864 


CIRCLE NO 790 


ment. Conveni 

mounting. Ratings f 
10 amp. iehee bie fool- 
proof. Bc board and snap-in 
mounts available. 


For more information please WwW G BD 


write or call. and other worldwide approvals 


RAY CIRCUIT BREAKERS | 


7400 N. CRONAME ROAD, CHICAGO IL 60648 « (312) 647-8303 


CIRCLE NO 793 


To advertise in Product Mart, call Joanne Dorian, 212/463-6415 


EDN January 19, 1989 


217 


40 SR SSSR ee eee eee 

4G SR 2S RSPR EEE eee 
4GG0@8 .\- -)/ Ee oe «8l,\)-88... 
466668 "ir l)iriih lili lS Beeld tlt Pe 
rT TON TIT TII TT TTitiitiit 
‘GRRE SRE eee ee ‘ SERB REESE 


Na 
\SSNEEB 


Ax 


+i ay ~~. Wi /7 
102.24) | EDV 


| 


l 
SERRE wie 
SaaS ee 


E 


SERRE B 


BS SSeeeee, 
EGR REEEeR) 


= = 
Rae. «= F528 


|} if Baa 
ie 


a ls 4| .@88 
Pe eee eae 


278 


HIGH-TECH CAREERS 


As one of the top ten engineering leaders in the U.S., we 
want talented professionals with a mutual interest in tech- 
nological development. Discover what we have accom- 
plished in our 60 years of experience, and join our de- 
velopments in advanced technology for the future. 


TEAS GROUP: Located at Eglin Air Force Base, Florida, 

SVI/TEAS provides Technical and Engineering 

—— Acquisition Support (TEAS) of conventional weapon 

systems development for the Air Force Systems Com- 

mand/Armament Division. Enjoying the best of both high-technology challenges 

and a beautiful location among the white beaches of Florida’s Emerald Coast, 
SVI/TEAS offers exciting opportunities in the following areas: 


eSystems Engineer (T-60) To perform 6-DOF analysis of missile perfor- 
mance. Position requires MS or PhD EE, AE, or physics and 1-10 years 
related experience with strengths in guidance and control and IR seekers. 


eSeeker Engineer (T-70) To assist in Radome design and analysis for IR and 
MMW seeker. Requires MS or PhD EE or physics and experience in 
Radome design, IR, RF, and MMW. 


e Systems Engineer (T-20) We seek an MS, PhD AE, ME with 4-10 years 
experience in structures, warheads, and explosives. Involves technical in- 
vestigation using complex computer simulations. 


eSystems Engineer (T-20) To perform aerodynamic CFD for weapon systems 
applications analysis. Requires MS, PhD AE, ME with 4-10 years experience. 


eMaterials Engineer (T-80) Requirements include MS and PhD in Materials 
Science or EE and 4-10 years experience in process development, elec- 
tronics materials processing, and soldering techniques. Involves technical 
analysis of electronics material processes for advanced weapon 
development. 


¢Quality Assurance Engineer (T-80) To function as a task leader in the 
evaluation of weapons and component manufacturers quality programs in 
respect to MIL-Std’s. Requiring MS, ME, EE, or AE and 4-10 years experi- 
ence in QC/QA, product quality. 


¢CM/CCM Analyst (T-40) To function as Red Team Analysis Chief in weapons 
development programs. Position requires MS or PhD EE or AE with 5-15 
years experience in radar systems, seeker development, and CM/CCM 
analysis. 


~ 


e ATE Engineer (1-30) Responsible for the analysis of missile electronic as- 
semblies for MATE compatibility, determination of optimum complement of 
factory ATE, and analysis of ATE design and factory test requirements. Re- 
quires MSEE with 4-10 years experience in testing and instrumentation as 
related to ATE, MATE, TPS, and TRD. 


Qualified applicants are invited to send a complete resume with salary requirements 
in strict confidence to: 


Gregg Quinn 
Manager Professional Placement 
SVERDRUP TECHNOLOGY, INC. 
P.O. Box 884, Dept. T-69 
Tullahoma, TN 37388 


An Equal Opportunity Employer 
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Quality in. Quality out. 


When you put your best into your 


products, it shows. 

At Compaq, the value of our products 
is simply a reflection of the personal 
values inherent in each Compaq profes- 
sional. Attributes like teamwork, mutual 
respect, leadership and a commitment 
to quality translate into some of the 
most advanced personal computers on 
the market. 

Through dedication and hard work, our 
people have made us one of the world's 
leading manufacturer of high-performance 
business PCs. In record time. 

Our continued success has created imme- 
diate opportunities for top quality profes- 
sionals at our Houston headquarters. Start 
with a BS or MS in Electrical Engineering, 
Computer Engineering, Computer Science 
or related field and three-plus years’ experi- 
ence. Add to that a strong set of personal 
values and the desire to do what's never 
been done before, and you could be part of 
a winning team. 


Software Engineering 

Your skills in PC-based software develop- 
ment help turn breakthrough ideas into real- 
ity. Positions are available in our Systems 
Engineering group for talented Software 
Engineers in the areas of Operating Systems 
Development, Graphics, Communications, 
Systems Research, Software Quality 
Assurance and Systems Support. 


Hardware Engineering 

Put your expertise in high-speed logic de- 
sign or microprocessor systems design to the 
test in our ASIC Technology Group. Or meet 
the challenge of developing hardware com- 
patibility tests and performance analysis 
tools in our Advanced Architecture Group. 
Other available positions include Cost Reduc- 
tion, Sustaining and Component Engineering. 


A higher quality of life. 

Set in a beautiful wooded campus just 
northwest of Houston, Compaq offers the 
perfect environment to work and live. Five 
minutes away are spacious and affordable 


homes. Shopping is nearby. Scenic lakes 
and green countrysides are only a short 
drive away. 

Houston offers entertainment in abundance 
—from a world-class arts community to the 
excitement of professional sports. Here, all 
the cultural and urban advantages of the 
nation's fourth-largest city blend into the 
quiet beauty of a clean-air pine forest. 


Make a quality career decision. 
Compaq offers competitive salaries, com- 
prehensive benefits and an environment 
that inspires freedom, innovation and per- 
sonal satisfaction. If you're interested 
in one of these positions, please call us at 
1-800-243-9003. Or simply submit your 
resume and the position for which you wish 
to be considered to: 
Compaq Computer Corporation, Dept. 
EDN189-MW, P.O. Box 692000, Houston, 
Texas 77269-2000. 


© 1989 Compaq Computer Corporation. 
© 1989 Accent Software, Inc. 


All rights reserved. 
Compag is an affirmative action employer, m/f/h/v. 


LOMPAa 
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Responsibilities 


Requirements 


Move to Dallas 


Apply Today! 
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Linear IC 
Design Engineers 


Dallas Openings 


A! Texas Instruments, our Semiconductor Group is 
leading the way in the design and process of 
advanced semiconductor products. Currently we have 
openings for Linear IC Design Engineers to work at our 
Dallas headquarters. 


As a Linear IC Design Engineer, your 
primary responsibility involves the design of high- 
performance linear integrated circuits from concept to 
release-to-production. Duties include actual circuit design 
and analysis, SPICE simulation, managing layout and lay- 
out resources, wafer and package unit evaluation, and reli- 
ability qualification. Products you may work on include 
high-frequency op amps, precision BiFET and CMOS op 
amps, data acquisition, automotive, display drivers and 
power ICs. 


To qualify, you must have a BSEE and 

3+ years’ experience designing linear ICs in BiPolar, 
CMOS, or BiFET technologies. Familiarity with techniques 
used in the analysis of linear circuits and with SPICE cir- 
cuit simulation also is necessary. Excellent communica- 
tion, supervisory and leadership skills are essential. Key 
senior positions are also available for professionals with 
7+ years’ experience beyond a BSEE. 


Dallas offers a low cost of living and afford- 
able housing. With numerous lakes, major-league sports, 
90 universities and colleges within the area, as well as 
the symphony, opera, live theatre, museums and many fine 
restaurants, Dallas has something for everyone. 


If you’re an experienced engineer interested 
in a career on the cutting edge of semiconductor technol- 
ogy, then you should look into these opportunities with 
Texas Instruments. Please send your confidential resume 
to: Larry Hersh/Texas Instruments/PO. Box 655303, 

M.S. 8333-Dept. EDN/Dallas, Texas 75265. 


Applicants must be U.S. Citizens or authorized to 
work in the U.S. on a full-time basis. 


An Equal Opportunity 
Employer M/F/V/H 


‘TEXAS 
INSTRUMENTS 


- APPLICATIONS ENGINEER 
Multilayer Ceramic Capacitors 


We are TDK Corporation of America, the sales and marketing subsidiary for 
one of Japan's leading corporations. Renowned for quality products and 
state-of-the-art technology, we continue to expand rapidly. Right now, we 
have an excellent opportunity available at our beautiful corporate head- 
quarters in Mt. Prospect, IL. 


The selected candidate will interface with Sales, Design Engineering and 
Customers to achiéve technical approval on multilayer ceramic capacitors. 
Responsibilities involve collecting, analyzing and srl technical market 
data to sales and manufacturing a plus training the sales force on 
the product line. Candidate should be familiar with performance speci- 
fications and market requirements for MLCs, and be capable of communi- 
Cating this information effectively in reports and presentations. Educa- 
tion in Ceramic En neering, Electrical Engineering or a related field is 
preferred. Involves 25%-35% travel, including some training in Japan. 


In addition to career challenge and excellent advancement potential, we 
offer a competitive salary and an outstanding benefits package. For con- 
fidential consideration, please send your resume with salary history to: 
TDK Corporation of America, Attn: Personnel Dept., 1600 Feehanville 
Dr., Mt. Prospect, IL 60056. Equal Opportunity Employer. 


TDK TDK Corporation 
® 


of America 
1600 Feehanville Dr. 
Mt. Prospect, IL 60056 


HUNTSVILLE/FLORIDA/ 
SUNBELT 


Networks/Software Designs 
Ada/Pascal/UNIX 
Systems V&V/Software QA 
Algorithm/Signal Processing 
Space Shuttle Payloads 
BM/C3 Architectures 
Communications/SDLC/.25 
Modem Design/VLSI 
Reliability Engineer 
RFI/EMI/EMC 
INDEPENDENT PERSONNEL 

CONSULTANTS 

P.O. Box 16019 


Huntsville, AL 35802 
Tom Thrailkill (205) 883-6511 


If You’re Looking 
For a Job, 


You've Come to 
The Right Place. 


EDN CAREER 
OPPORTUNITIES 


EIDIN 


EIDIN 


First in Readership Among Design 
Engineers and Engineering 
Managers in Electronics 
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A Vision of 
the Evolving 
Network. 


A Plan to 
Reach It. 


Rockwell International Telecommunications in Dallas, 
Texas is playing a significant role in establishing the next 
generation transmission and transport standards. We 
are leading in the technology thrust with a family of long 
haul and local distribution products that will make us the 
network of the future, including next generation light- 
wave products, digital cross connect systems, and 
advanced network control systems. If you are interested 
ina challenging opportunity, join the company witha 
vision of the future...and a plan to reach it. 


POWER SUPPLY DESIGN 
ENGINEERS 


BSEE/MSEE with 3 + years experience in the design of 
high frequency high performance switch mode and 
linear power supplies for telecommunications products. 
In-depth knowledge of current-mode control, magnetics 
design, redundancy techniques and spice simulation 
programs essential. 


SMT PROCESS ENGINEERS 


Requires a BS degree in a related Engineering or 
Science field with 3 + years experience. Knowledge of 
SMT assembly processes plus familiarity with automatic 
pick and place (Panasonic) and IR reflow processes 
required. Working knowledge of statistical process 
control techniques essential. Management experience 
helpful. Your responsibilities will include performing 


advanced assignments, project planning, and determining — 


theoretical principles/approach to be taken to accomplish 
the assignment. Will also be responsible for managing a 
small group of Engineers. 


SYSTEMS INTEGRATION 


BSCS/BSEE with 3 + years experience developing/ 
coordinating testing activities in digital cross connect 
systems integration including functional prescribed 

levels of hardware and software components. Familiarity 
with testing stategies/methodologies, software integration 
and verification required. Working experience with 
telecommunication systems, real-time software, UNIX 
environments, automated test procedures, closed loop 
design and feature verification through CASE systems 
necessary. 


HARDWARE DESIGN 
ENGINEERS 


BSEE with 3 + years experience in digital circuit design, 
HCMOS, PLA’'s, ECL, PLD’s and RS-422 ckts. 68000 
firmware experience a plus. 
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HARDWARE ENGINEERS 


BSEE/MSEE with 3+ years experience in designing/ 
testing/integrating/documenting and manufacture for 
release of redundant, fault tolerant, distributed 
processor subsystems and/or modules necessary. 
Knowledge/design experience with computer 
architectures, 32-bit microprocessors, DRAM and SRAM 
memory arrays, serial communication interfaces 
(RS-232C), protocols (HDLC), magnetic storage 
interfaces and the corresponding VLSI processor 
support components/digital logic families. Familiarity 
with UNIX and ‘'C”’ language programming skills is 
required. 


FIRMWARE ENGINEERS 


BSEE/CE or MSEE/CE with 3 + years firmware designing 
experience for 6800-68000 microprocessors and system/ 
microprocessor architecture. Must have working 
knowledge of assembly language, ''C’’ programming, 
firmware design, HP9000 and HP64000 development 
equipment. Experience with nonvolatile memory 
management, E2A, MCS, HDLC, X.25, DUCC and 
microprocessor peripherals desired. 


SOFTWARE ENGINEERS 


BSCS with 3 + years related experience. Will be 
responsible for providing software engineering expertise 
related to software system development in the alarm, 
monitor and control for telecommunication network 
elements. Experience with VAX/VMS tools, Versa DOS, 
database generation, HDLC/X.25 bit-oriented protocol 
development and man-machine interface skills essential. 


PRODUCT LINE 
ADMINISTRATORS 


BSCS/BSEE with 3 + years experience in transmission 
and control systems. Will be responsible for producing 
requirement definitions and functional specifications for 
NTSD Operations Support Systems products. 
Knowledge of protocols, transmission networks and 
embedded Bell OS systems a plus. 


SOFTWARE ENGINEERS 


BSEE/CE or MSEE/CE with 3 + years experience in UNIX 
or related operating systems experience. Will be 
responsible for installing in ROM bases real-time 68000 
CPU environment including the support/training/testing. 
Knowledge of ‘'C’’, C+ +, 68000 assembler and object- 
oriented development of Sun Workstation and CASE 
tools essential. 


Rockwell International offers excellent benefits that you 
would expect from a Fortune 50 Company. Send your 
resume to: Barbara May, Rockwell International 
Telecommunications, Dept. 8618, M/S 401-152, P.O. Box 
568842, Dallas, Texas 75356-8842. Permanent Residency 
Required. Equal Opportunity Employer M/F. 


\ 


... where science gets down to business 


Rockwell 
International 
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EATON CORPORATION, AIL Systems/Westlake is gearing up for 
some significant project work in the New Year. We need experienced 
engineering personnel to work on these new major projects. 


EATON is located in Westlake Village, recognized as one of Southern 
California’s finest planned communities and uniquely situated just 
38 miles west of downtown Los Angeles, directly west of the San 
Fernando Valley and 8 miles from the Pacific Ocean. 


The Westlake Village area offers an abundance of things to do. 
Many recreational, entertainment, cultural and educational activities 
are close at hand. 


ALL POSITIONS REQUIRE RECENT AEROSPACE/ELECTRONICS 
INDUSTRY EXPERIENCE. 


PROJECT ENGINEER 


Directs and is responsible for the new design of a large Military 
Microwave Equipment System. Equipment includes Frequency 
Synthesizers, Microwave Receivers, Modulation Analyzers, AM, 
FM BSPK, QPSK and Spread Spectrum Modulators which are con- 
trolled by multiple MC68000 processors. Education should be based 
on a BSEE or MSEE degree. Must have ten to twenty years in the 
design of military RF/Microwave components and systems. Required 
experience includes hands-on design of RF or microwave components, 
followed by growth into RF or microwave subsystems and systems. 
Background should include design of microwave receivers, parameter 
encoders, phase lock loops or frequency synthesizers. Must have 
managed a large microwave system program and have been respon- 
sible for technical performance, cost and schedule. Ability to make 
technical and status presentations to the customer and to participate 
in specification negotiations is required. 


RF/MICROWAVE 
SYSTEM ENGINEERS 


Develop hardware specifications and software algorithms for design 
and control of a large computer controlled military microwave system. 
Equipment includes Frequency Synthesizers, Microwave Receivers, 
Modulation Analyzers, FFT Processors, Digital and Spread Spectrum 
Modulators which are controlled by multiple MC68000 processors. 
Education should be based on a BSEE or MSEE degree. Work experi- 
ence requirements include ten to twenty years in military microwave 
communications, RADAR, EW or microwave measurement system 
design. Must have a strong understanding of software algorithm 
development and be able to specify both hardware and controlling 
software. Ability to write specifications for both internally developed 
hardware and subcontracted hardware is a must. 
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ELECTRICAL ENGINEERS 


Senior & Intermediate 


Perform hands-on design of Analog, Digital RF and Microwave 
modules used in a large military computer controlled microwave 
system. Equipment includes Frequency Synthesizers, Microwave 
Receivers, Modulation Analyzers, FFT Processors, Digital and 
Spread Spectrum Modulators which are controlled by multiple 
MC68000 processors. Designs include high speed analog and IF 
circuits, ECL, TTL, HCMOS, Gate Arrays, PLDs, as well as Micro- 
wave MIC and GaAs FET circuits. Both detailed design tasks and 
subassembly design leadership assignments are available. Requires 
a BSEE degree; an MSEE is preferred. Desired experience includes 
hands-on military equipment design. Designers with experience in 
RADAR, EW Receivers, Signal Processing, IFF RF Data Communica- 
tions and Microwave Measurement techniques are especially qualified. 


SOFTWARE ENGINEERS 


Senior and Intermediate 


Perform system analysis, software analysis, design and implement 
military microprocessor systems. Work includes all phases of assembly 
language software development, including: requirements definition, 
design, documentation, coding, test and integration of complete 
hardware/software system. Requires a BSEE or BSCS degree. Must 
have two to fifteen years experience in the development of assembly 
language software for military systems. Knowledge of microprocessor 
development tools, in-system emulators or development in a \AX- 
based cross assembler environment is desirable. Experience in the 
development of 68000 microprocessor assembly code is especially 
applicable. 


SENIOR TECHNICIAN 


Assemble and test complex military digital, analog and RF electronic 
assemblies. Set up models from sketches and schematics. Trouble- 
shoot and test finished assemblies to ensure that they meet design 
specifications. Requires a minimum of 18 months of electronic train- 
ing at an accredited school and five years experience as a technician. 


All positions require demonstrated written and verbal communications 
skills. Some positions may require travel, scheduled overtime or occasional 
shift work. 


We offer an outstanding compensation and benefits package. Please 
send resume with salary history to: RD. McMullin, Employment 
Manager, EATON, AIL Systems/Westlake, 31717 La Tienda Drive, 
Box 5009, Dept.EDN-112, Westlake Village, CA 91359. May require 
U.S. Citizenship and DoD clearance. Equal Opportunity Employer. 


AGE 
ae 


Systems/Westlake 


EXCELLENCE THROUGH PEOPLE 
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LOOKING AHEAD 


Semiconductor recession 
is questionable 


When asked when the downturn is 
coming in the semiconductor indus- 
try, Dataquest’s answer is, “It 
isn’t.” The San Jose company con- 
cedes that orders have been soften- 
ing and worldwide shipments dur- 
ing the first half of this year will 
experience only a small quarterly 
rate of growth (about 2%), followed 
by slight decreases for the next two 
quarters. But its analysts see the 
total of worldwide shipments in- 
creasing this year by 10.2% over 
last year. This projection assesses 
the 1989 market at $54,571,000,000. 

For the 5-year period between 
1988 and 1993, Dataquest predicts 
a compound annual growth rate of 
11.9%. Although the company had 
previously expected a mild industry 
recession in 1990, it now sees just 
a fairly flat market for next year, 
with only a 2% growth over this 
year. 

The analysts base their projec- 
tions on several key conditions: con- 
tinued growth in office equipment 
and computer shipments; a long- 
term declining trend in US-com- 
puter inventory levels among com- 
puter OEMs, and the extension of 
demand into 1989 as a result of last 
year’s dynamic-RAM shortages. 

The US market has been slow to 
recover from past setbacks. How- 
ever, for the years 1987 to 1992, it 
should experience a 16% compound 
annual growth rate. Capital spend- 
ing predictions outline a 9% growth 
for this year and a 1% growth for 
next year, followed by a healthy re- 
covery to 29% and 31%, respec- 
tively for 1991 and 1992. Thus the 
coming slowdown will be short and 
less severe than past ones. Analysts 
attribute this development partly to 
the fact that technology—and not 
capacity expansion—has been the 
driving force in the market. 

The market-research company 
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WORLDWIDE SEMICONDUCTOR SHIPMENT 
FORECAST 
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also breaks down the market geo- 
graphically into four areas: North 
America, Japan, Europe, and the 
rest of the world (ROW). In this 
analysis, the ROW segment is ex- 
pected to be the fastest growing 
one. It will surpass Europe in total 
dollar consumption in 1991 to be- 
come the world’s third largest mar- 
ket. Japan will be the second fastest 
growing market, but it will remain 
the largest in overall size. The 
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US will be the third fastest in 
growth and remain the second larg- 
est overall. 


Dataquest stresses that a gener- 
ally healthy world economy and 
careful semiconductor manufac- 
turer management of capacity are 
major considerations that lead to its 
conclusions that the minimal down- 
turn will be very modest in com- 
parison with the industry’s experi- 
ences in 1985. 
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Introducing the IR2110 
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dependently controlled outputs __ transformers, optical isolation or 


) drive upper/lower HEXFET* — 60% of your drive components. 
dIGBT power supply and motor That's the beauty and simplicity of 
ntrol circuits. this 500V bridge driver. Just adda 


CIRCLE NO 132 


diode, a resistor, a capacitor and 
the design’s complete. 

The IR Revolution has reached 
the bridge. The bridge between 
control and power. 

Cross over. Call us at (213 
607-8899 and ask about the 
[R2110 Bridge Driver. 
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17 MILLION PLDS A MONTH 
BEGIN WITH DATA 1/0. 


No company supports as many 
programmable logic devices as 


Data |/O®—virtually every PLD on the 


market. From design, to program- 
ming and test, Data I/O Is the industry 
choice for PLD development tools. 


UNIVERSAL SUPPORT FOR EVERY PLD 
MANUFACTURER. VVe give you the. 
freedom to choose the right PLD 

for your design—from any manufac- 
turer. You can use our tools to design 
and program all PLD architectures, 
including PALs, FPLAs, PLEs and 
EPLDs, and all technologies from 
vertical-cell AIM, ECL, and CMOS 

to bipolar. And you can pick any 
package—DIP, PLCC, LCC or SOIC. 


UNIVERSAL DESIGN TOOLS. ABEL™ 3.0, 


Data |/O's high-level design language, 
lets you describe your design with 
any combination of equations, state 
diagrams, or truth tables. For multiple 
PLD design, use the advanced logic 
synthesis capabilities of GATES™ 

And for complete device testability, 


PLDtest® is our universal tool for 
automatic fault grading and test vec- 
tor generation. 


UNIVERSAL PROGRAMMING TOOLS. 
The UniSite™ 40, our most sophisti- 
cated programmer, handles all 
devices—memory, logic, and 
microcontrollers—in a single site. 
The modular approach to logic 
programming Is the 29B with a 
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LogicPak™. Or for portable conven- 
ience, choose the 60A. 


UNIVERSALLY APPROVED BY PLD 
MANUFACTURERS. With Data |/O, you 
can depend on the accuracy and rell- 
ability of your programmed PLD. We 
work with semiconductor manufac- 
turers—long before devices are 
released—to develop, and obtain 
approvals for, our programming 
algorithms. So reliable support will 
always be ready when you need it. 


A CLOSER LOOK AT UNIVERSAL SUP- 
PORT. Call us today for more informa- 
tion about our complete line of PLD 
development tools and ‘oe 
qualify for your FREE | 

copy of the ABEL 3.0 

demonstration disk. Your § 

PLDs will be off to a better | 

start and a faster finish. 


1-800-247-5700 
Ext. 355 
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